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“ Coolgardie Water-Supply.”
By Cnanues Srvarr Russenn Parsmoe, M. Tost. OJE.

Brrore proeecding to deserilis in this Paper the design and con-
struction of the works undertuken for the water-supply of the
Cuoolrnrdie district of Western Australin, it i necessary to touch
briefly upon the history and topegraphy of the district.

Binea the discovery of the great inlnmd g{}Hﬁﬂ]tl af ('.ut}lgﬂ.n‘ﬁu
in 1802, the caveer of the State of Western Australia, which pre-
viously had made but slow progress, has been uniformly successful ;
for the resulting wiving population créated o profitable market
for the agriculfural and pastornl produce of the well-watered
coastal country, which was therefore rapidly settled on as railway
faeilitios were afforded, The town of Caolgardin is situated abonut
350 miles from the west coast and about 250 miles from the sonth
coast (Fig. 1); and, although along the sea-shore and for a con-
siderable distance inland this part of Australia is well wabteved,
the portion—say, 800 miles by 250 miles—of the elovated tablo-
lund in the nterior of which Coolgirdie may be vesarded as the
centire is wmong the driest of the eonuntriss of tha globe, themin-
Il having been as littls as 3% inehes in a year. Moreover, the
surfacs soil generally is very porous and S0 excessively saline
that, except in vook-holes ofter vuin, reslly feesh oibaenl wider
i3 practically urkmown, although repeated boring has proved the
existence here and there underground of small gquantities of fairly
putable water,

Coolgaridie was discoversd by pionesrs who had pushed out,
through this inhospitable conntry, for mora than 200 miles from
the terminus of the railway: they spread themselves ovor the
length and broadth of the tableland alvendy mentioned, discovering
additionnl, though mestly smeller, goldfields. Their settlements,
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however, were widaly scabterad, and the CGovernment wis soon
faced with the sericus problem of providing water for man and
heast, not only ai the m.ir.l.iug—c-antrer.i but nlso along the vurions
toncks thereto.  Abont £400,000 has been spent on smaller wator-
works of every discription, the exceeding dryness of the elimate
being soon mady manifest by the poor result of each small bur
costly work carried out. It was thus proved that for any lures
supply of fresh wador nsourcs should be senrehiod for elsewhere than
on the surfacs or in the suhsail of any pertion of thiz fablelund.
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The serionzness of the problom ean be gauged by the usnal prices
paid for water in later dayz, Even after completion of these smaller
works, the prices wero:—25g per 1,000 gallons when the verasional
ruins filled the tanks which formed one closs of the works, and
£id per 1,000 gallons when only witer condensed from the ex-
wemely salt fluid olitained in wells and ghafts was available,
Yielding to the pressurs of populieopinion, the Govermment spent
several thonsand pounds without result, in a bore-heols more than
3,000 feet deep in solid granite; warious schemes for condenaing
on a very large senle; at the salt lnkes situated in the goldfields,
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were abandonad on proof of the oxcessive sslinity of the water of
the lakes, the difficulty and cost of obtwining a suflicient supply
of cven this water, and the high price of fuel; and then two pro-
posals for conservation, with sources comprntively near fo the geld-
Gelds, were comsidered bub abundoned, s the low rainfill rendered
it mare than guestionable whethor the yield would be suflicient.
By a process of elimination, therefore, there was reached the
at,mptef'{ solution of the problem, namely, a source in the Darling
Ranges bordering the well-watered west const (Fig. 2, Plate 1)
This scheme had the additionsl sdvantage that all intermodiate
townships; as well as the adjacent Government railway, could be
supplied  from the main conduit, the zailway Leing especially
benefited in its course shrough about 250 miles of arid sountey
wherein mailway water-supply wae known to hive cost. as much
us £60,000 in a single year.

Seope and Claraeter of Adopted Seheme,—By the middle of 1895
the Government of Western Awvslvalin hud decided ithat somo
large comprehensive scheme would be necessary ) and, orders for
veport and recommendation lhueving Dbeen issued, there were
prepured, under the instruclions of the lnte My, €. Y, 0’Connor,
CM.G, M. Inst. 0K, the Author's late chief and prodecessor
in the position of Engineer-in-Chief of the State, thirty-one
alternutive proposels, from which, after study. three werg chosen
to be ploead befors the Government. The senres of supply in
cach case was to be an impounding-reservoir in the [Darling
Ranges, whende the water was to be pumped in successive lifts
to Mount Burfres, north of Coolgardie: tlemce it was Lo be
riticalated to the various mining-centres, of which Coolmnrdie was
one, In Mr. O'Counct’s Reporty, the three schemes were stated,!
for compurative purposes, to bo as follows :—

S result of thase ealoulations wont to show (a8 Tor slecl pipeg) (hat, for
ons million gallons daity, the costi wonld Te drom, ssy, £700,000 to £1,000,000
(depending upon the size of the pipe), and with cosl of delivery varying from
i Gely to Be A, por 1,000 pallonsy while, for five million gallons daily, the cosl
virieed from; sy, £2 900,000 to £2, 700,000 ¢dopending similirly npon the sies of
the pape), with cose of delivecy varying from $x, 5d, bo Ba, P, per 1,000 gllons |
andl that, for ten million gllons daily, the cost varied from, msy, 23,500,000
o £4, 800,000 (lepending similarly on tho size of the pipo), with cest of delivery
vinring feom Hs, to da. per 1,000 gulfons."

The schema adopted was for a daily supply of § million gullons, at
& probable capital cost of £2,500,000, and a selling-prics of 3& G

Y # leport om Proposed, Water-Sopply (by Powping)) from Teservein in the
Grraenmount, Ronges;" po 5. Porth, 15606,
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per LOOO gallons, after allowing for interest and depreciation.
The consumphion of bthe water provided by this scheme, which dxatill
in s infuney, his notyot omoeuntod 0 mare than ene-fourth of tho
quantity allowed for; and the Author reported to the Government,
soon after becoming responsible, that wntil rmch groator develop:
ment of mining ocears, the consumption is not likely to exceed
one-half of that allowed for. Is is thersfore dus to those origi-
nally responsible to pointi out that when the propesuls were
imavgurated, and, in fact, up to the time when the works were
opened, no informakion smd no autlioritative opinion outside the
Publiec Werks Departmment could be obtained us to the probable con-
smnption; while, on the other hand, thers were the greatest
expectations in the public mind of more extensive working of
lew-grade mines, when compuaratively cheap woter sliould be
available, These expectations weve not eonfined fo the géneral
public; far, some donbts having been expreasad in Parliyment as
to the probability of so much as 5,000,000 gallons being used daily
on the goldiivlds, n well-known firm offered to take that quantity
daily for 20 years at 3s. @d. per 1,000 gallons, provided that
the Government would not compete with them in price. Inm
gl‘}'ﬁte'm]ml.' 1886, Paxliument: siricliioned the usi.si_ug of a loan of
£2,5000000 for the construction of n storpge-roservoir of abont
B,00O million gallonsg capacity, & 30-inch ling of steel main
thronghout, and & series of eight pumping-stations, with the
negessary roceiving-tenks and distributing-reservoins.

In Janmary, IB{'J'i" a Commission of Enplish engineers—eon-
sisting of Mr. Johu Carvuthers (the Consulting Enginesr for
the State in London), Di. George It Deacon and Professar W. C.
Tuwin—wai appointad to inguire into ond make recommendations
a8 bo the kind, thickness and sizs of pipe 4o be employed ; whether
it should be placed above or below ground; and the number,
positions and power of the pumping-stations and engines, and the
pumping and break-pressurs resevvoirs,  Mr. O'Connor, who was
then Engineer-in-Chiel to the State, personally placed all availuble
informution before the Commission, which issued two vepovts. In
the firsi or interim reporf nine pnmping-shidions were reeom-
mended, ns indicated in Fige, 3, Plate 1. In the final report
the Commission submitted an alternstive wrmngement, with sight
pumping-stations in len of niney and in the adopted scheme the
locations of the pumping-stations differ but slightly from these of
the first eight stations proposed by the Commission in their interim
voport s bub it was pogsible to omit the ninth pumping-station, as
it wia decided to deliver the water into & large service-reservoir at
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B, L. 1630, near Bulla Bulling (Figs, 4, Plata 1), instead of on a
high hill nenr Coalgnrdie, nnd to increase the lifs ot esch of the
last four stations by such small amount as would enable this to
be meeamplishied.,

A further advantage obtained from the appointment of the
Commission was that full knowledge of the proposed scheme wis
obtained by the Consulting Hnginesr, thus enabling him to give
Lis adviee when seught from time to time, to make recomnionde-
tions as to pumping and other machinery, and to undertake inspec-
tion of the material and plant exported to the State.

The detailed description of the works will be divided under the
following hewds::—

I. The storage-reservoir and its catehment-area.
11, The construction of the weir.
ITI. The pipe-line,
IV. The pumping-machinery.
¥. The pomping- and service-reservoirs, reticulation, ete.

V1. Cost of the works,

Tha following general outline is given here to fucilitate s clonver
understonding of the dotails.

General Cutlines of Sclieme.—A daily supply of 5,600,000 gallons
was provided for, of which 5,000,000 gullons was for use in the
goldfields, and the balsies for waste sad consumpbion oe roudes,
The supply is obtained from an artifiial reséeveir, having a
capavity of 4,600 million gullons. From this reservoir the water
is pumped through n steel conduit, 30 inches in dismetsr, by a
saries of elght pumping installations, to the main digbribuging-
veservoir at Bulla Bulling, 308 miles from the main storage-
reseryvolr and 1,280 feel ubove the lowest outlet-lovel of the latter.
From the Bulla Bulling distribnting-vaservoir the water gravitates
for 21 wiles to the Coolgardie service-reserveir, and thencoe to
the Kalgoorlie service-reservoir, a further 20k miles, the total
iﬂngth of the conduit from the supply reservoir being 361L miles
(Figs. 4, Plate 1).

The first pumping-station is located on the right bank of the
Helens River and 650 feet down-stream of the storage-reservoir,
The pumps|draw their water from o stand-pipe 4 fest in dinmeter,
which is placed immedistoly in fropt of them and is fed by o
30-inch steel main, which, beginning at the vuter valve-house,
passes under the boiler-house before entoring the stand-pipe. The
pumps here Lift the water a net height of 415 feet, through 13
mile of pipe, and deliver it into a concrete receiving-tank having
# capacity of 468,000 gallons and a depth of 15 feet of water.
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Tho pumps ot Station No. 2 dreaw their water from this resaiving-
tank, the maximum soctior-lift being: 114 feet, and deliver it
inte a conorete rvepuliting-tank af Bakers Hill, 22} miles From
Station No. 2, the nal Lifh baing 340 feect, From the Bakers Hill
vegulating-tank, which is 15 feet deep and has a capacity of
00,000 gallons, the wuber gravitates fo the Weslt Novtham regu-
lating-tank, 13 miles distant. This tank is similare in eonstrucsion
to that ot Balker's Hill, having the same capacity and depth.
The net fall iz 94 feet from Baker's Hill to Wost Northam,
whenee the water muvitates to the Cunderdin reservoir, 0 Further
41 miles, thus making n fotal length of 751 wmiles hetwern
Stations 2 and 3, The Cunderdin reservoir hag an  available
eapacity of 10 million gullons, No, 3 pumping-stafion is loeuted
about § mile from this ressevoir, and the pomps draw  their
water from o stand-pipe, similarly to those at No. L. The sectsion
between Stations Mes, 3 and 4 is 621 miles in length, the net
Lift at No. 8 being 2156 feet. The water is delivered into a
eircular concrete tank at No, 4, having a eapacity of 1 million
gillons and a depth of 156 fent. Trom Station No. 4 the water is
lifted a met height of 333 feet, and deliverad through s seelion
32% miles long into a rectinglay conorets receiving-tank 20 feet
deap, with a capacity of 1 million gullons, At Stations Nos. 5, 6,
T and B, the srrangements are similur fo those at Station No. 4,
nid the recoiving-tanks at Nos. 6, 7 and 8 aro similar in design to
thati of No, 5, having also the same capacity and depth, The net
lifts at Stations Nog, 5, B, 7 and 8 are respectivaly 52 foot,
LG feet, 56 fret and 183 feel, nad the enrrssponiling lengths of
shotion 46 miles, 313 miles, 45 miles and 121 miles. From
SBtation No. & the water is delivered into a main servico-ressrvoin
nt Dulla, Bulling, of 12 million gallons eapaeily. Thones the
wiiton pravitabos to Coolenrdiog snd from Choleardia to Kalpoorlia.
Thess towns are provided with elvenlar concrete RELVIgE-TEsLIVGIrS,
that at Coolgardie having 1 eapnoity of 1 million gallons and that
b Walgoorlie of 2 million gallons.

Enrly in 1898 the first work on tha scheme, namely, construction
of the braxch line of milway to. the weir, was put in hand and
was comploted in the following August. In April of the sume
year, exenvibion for the foundations of the weir wis startod
condrating was begun in Mebruary, 1900, the lirst pumping took
pluce i Agpreil, 19002, and the weir and sabsidinvy warks were
pructically finished in April, 1908, Contencts for tlhe pipes wWera
1ot in October, 1808, and for the pnmps in Mareh, 1800. Tho
excavation of the pips-trench was bogun in March, 1900. ‘Phe
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laying and jointing of the pipes was Dégun in Marvch, 1001 ; about
80 miles wore complatad that year and the romaining 260 miles
(including the eéxtension to Kalgomlie) in 1902. The water
reached Kalgoorlis in the middle of Juvuary, 1908, and the works
were formally opened on the 26th of that month. The whaole
perind of ponstruetion had thus been less than b years, althoungh
it was neesssary to fmpert all material for construction of the
pipes, coment, valves wud specinls, lend for jointing, pumpiug-
wachinary, the ironwork in the weir, and mueh other material,

LTz Svonsoe-BEespnvorr.

When the schewe was fivst propounded, andyin faet, until shoeily
before the construction of the weir was begnn, there were mo
rivar-gangings availablo: eonsequently, in judging of the probable
iuflow inte o reservoir, it was necessary to base caleulations on
results obtamed in other countries. About 8,000 sguare miles of
the Darline Banges having been examiined, and thivteen possible
sites surveyed in a préliminary manner, it was finally decided to
place the reservoir ab Mundaring on the Helens River, where the
vost of construction per million gallons of storare would be least.
Fig, 2 Plats 1, ghows the eatchment-aren and the rainfall-records
available; and notwithstunding that the ecatelmont-aren iz 60D
squire mwiiles in extent, it was decided to provide stevage suflicient
o meef 2 years' demand and loss,

On the face of it this was an excessive allowance, especially when
it is considered that to L this large ressevoir there is required an
ul-low of whit would nsnally be considerad a very small fraction—
only & per centi—of a ranfall of 18Y inches, which is less than the
average of the mininumn yéarly precipitafion ot Mundaving and
Yok, But the eountry in which the npper veeches of the Helonn
River ave situated is formed of crystalline rocks, generally covered
over large arens by ferruginous gonglomerate, and, in o measus, by
logmy sand, which in places extends to o depth of 20 to 30 fost
below the surface. The conglomernte and sands generally overlie
kuolinized granite, which, in turn, merges into solid granite. In
the vicinity of the weir, the radk iz more exposged, the country is
loss flat, and the ranges are better defined. The whole of the water-
shed is thickly timbered with jareab, red gum and wandoo, the
Jurrah predominating on the lower, and the wandeo on the apper
rinehes.  Besides this heaxy timber; the country is closely covered
with an undergrowth of * blackboys " and ether serubby plants.
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The actual yield From the catchment-aren, shersfore, is shown in the
following Table, which gives the discharge of the Helona Rivor
since gnayzing wis undertalken.

DusoEARGE OF HuiEss Tuven ar WER SITE.

Mpan ltainfall a Hatio of Disehinirge to
| Mnndnsing nod York. Dsihargo. | " Rafufull
Virnit Tijohuns, AMillion Callons, Par Cent,
1897 246 6872 0:-34
1898 8 Lt o, 802 | TG0
1890 2717 1,857 0-83
1900 3324 § B2 A 00
14901 2h+0 1,401 089
18902 18:3 323 | 0-20

Not only are these figures very low, but theratio of tha: discharge
to the rainfall varies considerably move than dees the roinfall. The
smull results as o whole ean be accounted for partly by the absorp-
tive nature of the soil of much of the eatehment-aray, therein diffor-
ing from the eafchmentrorens vsually availullein other eountries,
and parlly by the fact thal the rain is precipitated very unfavour-
ubly: for although the annanl fall, in the vicinity of the veservoir
for instance, avernges about 37 inches, 16 i spread over o pericd
extending from about Moy to Nevember, inelisiva. Dm'iug SOT0E8
months, it raing nearly evory day ; but only on very rare occasious
does the fall excead 1 inch in 24 hours, the average being less than
1 inch, generally in light intermittent showers, The result is that
the main watercourses do not begin to flow until 10 to 12 inches of
ram huwve Tallen, and they stop almost immediately the ruiny
senstn ends, The rainfull for the year 1902 may be taken s
typical of the rainfall senemnlly. During thut year the tatal
rainfall, as recorded at the Helena weir, amounted to 27% ineches,
the totl number of rainy days being 81; e, the average precipi-
tution per rainy day was only 0+84 ineh. The maximum rainfall
in nny one day was 141 inch,

The unusunl variations in the yield are due, in the Author's
opimion, to two ether enuses, whose effects i new countries where
vecords pue seanty require much oxperience snd consideration for
thaeir correet estimation.  The tivst is that tha raininlls of York and
Mundaring, which are all that are available, requive to he pgreatly
diswounted, owing to a rapid rise of the country for several
miles inlund from Muonderitg, and then o fall 6o the lablolund of
the interior; and it 15 therefors proballa that the rainfall on the
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royoerse slope of the Darling Ranges, and on much of the tableland
adjoinine, i3 loss even than that at York, The second canse is that on
the tablelond, where the rainfall 35 smaller and the cpuntry is more
absorptive than on the rmnges, 8 larre and more or less definite
amount should be dedueted from fihe rainfall bafore any estimate
of the off-flow ean be made. This opinion is supported by
Tables T and IL in the Appendix (p. 50), Table I contains
the: yesults of paugings at two poinis lowar down the same
viver as that on which the reservoir is situsted, with, for the
gnlke of contraat, the results obtained from the eitchment of a
selected portion of the inlund country which is adjacont to that
which drepins into tha Helenn, 16 also gives the results of g~
ing the Canning River ot a spot where, although the eatchment
includes & larger proportion of quick-shedding geonnd than in
the case of the Helenn at Mundaring, the result, by no means
appavent af first, is that the average yield of the fetal eateh-
ment is better than that of the Felen, althoush only half the
size. Marsover, after the excoedingly low yield of 1902, the
Author had woirs constructed across the several strenms enter-
ing the reservoir-basin, and the resulis of gougings are given
in Pable 11. Thesa resulis show conalusively the great conserve-
tiva eare necsssary in dealing with questions' of this kind in
countries so dry as arve parts of Australin, smd they also justify the
abnormal storuze povided in the present ease,

It wis eavly evident that much of this difffeulty would be obviated
by placing the weir lower down the river (Figs. 2, Plute 1), and
thus including o larger proportion of quick-shedding eatchment.,
This, however, would have given a worse vessvyvoiv-site (Le, less
impounding-capacity for the same expenditure), and would have
entailnd extrs pxpense, botll eapital and annuil, on account; of the
grepter pumping-lift: the site higher up-stream was therefore
adhered to, The startling rvesults of 1902, however, could not be
foreseen ; and us, in the Author’s opinion, the available vecords of
rainfull (Table 111) vender it move than doubitful whether, when the
Full estimated daily consumption is veached, eventhe 2 yeus stornge-
capacity will be suffivcient to tide over bud seasons, the responsibility
wis ineurred by him of recommending any necessary adilitions to the
works, 1t was not considered advisable to raise the reserveir-wall
—although it is strong enough to bear someadditienal statis pressure
~—sinee the dingram of capaeitics (I%g. 4) shows that the limit of
economy of the site has alvendy been reached ; and it has thevefore
been recommended What so soon us the demnnd warimnts that course,
entel-water deains should be extended into the well-watered and
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quick-shadding country draining into the Melenn below the present
weir. By this means, for an expenditure of sbout £45,000 (only 1%
per cent. of ihe total cost of the schieme), snough extra eatchment-
nreg conld be included to ensure a yield from the present reservoir
of 6L million gallons daily—say 0 per eent. more thun wheb is
now & cerbainiy.

Fyaparation and Losn from Beservoir—As will be explained
labor, tha site of the weir was so badly fissured, and the basin
of the reserveir so extonsively crossed hy basaltie dykos, that
competent gaological nuthorities balieved that extonsive stopping
with eonorete might be necassary., Tt was a matter of great in-
terest, therefore, to ascertain what loss, if any, from the veservoin
anight vesult from- bhis fractured condition ; {or it was decided that,
excepl s regards she tissurs aoross the sito of | the dam, no precau-

Fig, &,
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tionary measures should be talcen in the fivst instance.  Betweon the
1st November, 1801, und the 28th Febreuary, 1902, no water nt all
was deawn, and  Favenrnbla opportunity for testing the probable
annual loss was thus afforded. The resulis aré shown in Table
IV of the :‘L.]:\I}E]]l]ix, and, 55 the total loss isat the rate of only -ié— fouts
of depth per annum —which 18 noh much movd that flie evaporation
along shoulil amount to—the danger of building where similar basalt
idylkos oconr ¢an be seen to be nol excessive. The point is one of
the greatest intersst in Western Australin, not only beeanse the
location gonernlly of the streams in the rangos sooms to have been
datermined by the greater ease with which these basaltic dykes
have been disintemated and eroded, but also beeause practically
the ouly site avnilphle for the vesavveir of the ultimate geavite-
tion seheme for the West Austvalian metropolitan avea, lately
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reported on by the Author, is even mers fissured than that ot
Mundaring,

Cnality of the Water.—Ezoopt inn faw tracts where salts have heen
leaeliod out of the soil by hewvy rainfsll, even ilie suifuce waters
of Western Australin Eﬂﬂm‘ﬂ]l:’, ﬁiﬂmugll sufly, vonbain o eom-
poratively lurge amount of dissclved mineral wmatter, chisfly
common sult.  High chlorina‘resulte bave therefore to bo expectod
on analysis, and this test of possible confomination of the sourcds
of supply, whatever its volue elsewheve, is inupplicablo; hub as
the catelment 15 so large, and as much of the aren was aliennted
before the scheme was inaugurated;, and would cost an excessive
gum to buy bacls, o small smount of habitation on the cutchment
is inevitable. Moreovar, axeept in thase small patiches, fhe Iand
i3 govered with forest and serub; and, with o small ratio of off-
flow, the decuymng vegetable watter wonld be expected to result
in bigh ammonin fizures on analysis of the water, Although this
would in itself be harmless, it was recognized that the presence of
the dissolved organic matter might bo accompanied, on oeeasion,
by dangerous bucteria of decomposivion ; and, as filiering before
delivery is) not ineluded in the scheme, it was determined o
ingtilube pericdical analyses in the first instanee, and, later on, to
make also reguline bacterial examinntions, The results of analyses
made in Febreoary, May, Ostober, and December, 1903, are given
in Tables ¥—VILI, and disclose ihe fact that, ewing appnrently
to anagrobic netion in the pipes between the storage-reservoir and
Coolgardie there is & marked improvement in the quality of the
wiiler.

Dhizposal of Surplus Flood- Waters.—Alhongh when the schiome
was insugurated there were no gaugings by which the probable
total inflow into the reservoir from yoor to year could bs arrived
wt with certainty, there was ample evidemes to show that the
Halena and other streams similarly sibuated were lable o
henvy floods; and as ot the site eliosan for the weir the valley
through which the Helona runs converges abraptly, being in fact a
degp goree flanked on both sides by high hills, the width at the bed
of the river being only 15 fael, and ab 100 feelabove the Led T80 fiet
ouly from solid rock to solid rook, the nanal method of disposing of
flood-waters, namely, by means of a by-wash, was precluded by
its cost. It wos tharofore decidoed fo prss all foods over the weir-
erest, nobwithstanding that ealoulation showed that for safefy as
much as 5 feat in depth over the whole length of the weir wounld
bave to be allowed for, Althongh, so far ss the Author is awire,
the weir is the highest overflow-weir in existence, this depth was
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not eonsidered excessive, beenuse no debiris whatever ia brought down
in Hoods; which, even when of the heaviest. eonld not beof very ling
duration. Indeed, ths whole flow of the river lasts less than half
the year ot most, so that satfivient time is afforded for vepairing any
mnuge done to fhe woeir-fuee and footings,  In order to facilitate
the descent of the waber, the profile of the weir-erest wus approxi-
mated t0 o parabols, and the ferm of the curve follows very clusely
that of the Holyoke Dum, in the United States, which was deter-
mined by experimont.  The reservoiv overflowed for the first time
during the rainy scsson of 1903, and, for about 2 weeks, 6 hiches of
water flowed over the erest without doing any damange to the wall*
The water clung perfectly to {he whole wall-Taee while descending.
The sune result is nol to be expectad when the depth over the
erest is much grester ; but obviously some departure of the deeper
HNowing water from the wall would not matter much, The down-
strenm face of the dam is brokenm by thres puide-walls which
prevent nny seour at its foot by the spill-water, which would
otherwise have run along the toe; and where the wall is highest,
a spill-water basin or water-pushion has been provided, from
which » wide chaunel, exeivaded in the rviver-bed and lined with
stone, carries all flood-water rapidly away clear of the dam wid of
the pumping-station below it,

The less by evaporation and percolation bas proved fo be very
amall, snd the overflow and deaw-offt arrangements of the reservoir
hinve worked most satisfactorily.

11.—Coxsrevoriox or ™o WEm.

The weir yas huilt o the seetion shown in Tigs. 6, Plate 1, the
governing factors of the design being that the maximum prossire
on auy portion of the wall should not excesd 8 tons P anare
fooly nnd Chat the conlves of pressurs should be well within the
middle third, both with ths reserveir empty and when 5 feet of
witer was fowing over tho erost.

Preliminary Works—The reservoir and the fivst pumping station
are situated at the bottom of 4 decp walley some miles from the
nearest railway, and as all matarig], except stong for the conevete
of which the weir was built, had to be brought from u distanes, the
ficst work put in hand was the donstrustion of o tram-line, to the
standard wailway-gnge of Lhe Stots, starting from Mundering

Vb Author has heard ginee the above woae written thit 1 fort & inches in
dupth of wober passod over tho orest in the Beginning of August, 1904,
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stibion on the existing line of railway, The nest question was the
provision; at a comparatively waterless spot, of a permanent supply
of water fit for the use of the many men to be employed, as well
as for the works. The requirements were met by constructing, in
the bed of the future reservoir and about 9 chains above the weir-
wall, a temporary concrete dam impounding ashout 20 million
gullons, and by forming, from the by-wash with which this small
teservoir was provided, a channel capable of carrying away 100
million gallons per diem, The channs! was formod for the most
part of open cut, but o timber flume carvied the fload-waters across
the weir-site.

Toundutions—CGenerally speaking, the country at the reservoir
sile {5 very rocky, consisting largely of undecompossd granite,
tinversed by introsive basaltic dykes whese divection iz mostly
it right-angles to the course of the river. At the site of the weir,
hewever, the granite showed out particularly cleavly, and the fow
trinl-shafta, put down where the rock was shattered, reached
#olid granite at no great depth, the deepest of the shafts being
only 20 faat deep from the greund-surface.  On opéning up the
foundations, however, it was diseovered that the rock was nothing
lile as solid as surface indications and trial-pits promised; for on
the right banlk o large portion of what at first appeared to be
bed-roclk wns found to consist of an dmmense boulder with s large
cavity below it; and under the bed of the river the granite was
vary badly fissured over the full width of the foundations. It
wis nob possible to wary the site, as the disruption was found
to extend hoth up- and down-stredm for o considerable distance
and thers was no alternative buti to follow the fissure down, which
was done until a depth of 90 feet below river-bed was reached. At
this Jevel the flling waterial in the fssure was found to be so
compuet that it was but slightly eroded by a jet of water dis-
churered under a pressure of 200 lbs per square inch, Tt having
besn seen thit the fissure had o northern underlay, s vertienl horing
was now made on the north hank of the river, which cut the
fisgurs ot about 185 feet Lelow river-bed, and was continued for o
Inrther depth of 52 feet. ‘The bore was then filled with water,
and the material in the fault was subjeeted to a hydrostatic pres-
sure equivalent to a head of 690 feet, which was maintained for
4 hoors, during whieh fime the foot and hanging walls of the
fissure, smd the line of fizsurs af tha hoftom of the excayntions,
were all cavefully examined; but no signd of moisture could
bo detected. 1% was eoncluded that the material in the fissave,
at the depth which the exeavations had then attained, was
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impervious o water, and that it wonld therefors be safe t6 erech
tihe weir thereon.

Where the wall wonld be highest, that is, where the fissurs
ocenrred in the foundations, the exesvations were oprried down
about 16 feet from the building-line in a wecfical divection on
the up-stream face; Iut as one of the basaltic dykes erosses
the wnlley a short distance nway on the dewn-stream side, it wnas
considered necessary to remove the whole of the material between
fhe hanging wall of the dyke and what would otherwise have
been the toe of the weir. The conerete filling of foundations
was earried up to bed-level on the up-stream face, but on the lower
sidde the mass filling was stopped 18 fest below bed-lovol and the
wall proper was begun fo the desigmed seetion. The granite
Leds, or doors, were deeply chased in longitudinal rows about 6 feet
wide and 3 feet deep, and the toe of the wall-batter, where it
meb the granite floor, was channelled the whole length to key the
canerpbe in,

The great inequality in the depth of the foundstions, and their
apparent doubtfulness for a work of this magnitude, have not
apprecinbly affected the weir; for althongh vory fine vertical
Lines, such as invariably ceeur in the concrete lining of corvide
resarvairs in het countreies, have made their appesrancs here, shey
have nob extendiad, and any slight sweats have taken up,

Drawing-off and Scouring Arrangomonts.—The resarvoir is pro-
vided with two woalve-towers constructed of conmeta.  Tha inner
tower (Fig. 7, Plate 1), situated on the reservoir sids of the
weir, wis Duilt into, sand conewrently with, the main wall, baing
approximately semi-civenlar in seetion.  The onter velve-tower
(Figs, 8 and 9, Plate 2) is rectangular in section, and is sibuated
175 feet down-strowm from the tendre of the weir-waull; being oon-
nocted thorewith by & vindnet, whish earvies the outlet- and seonr-
pipes, all salidly hadded in conerete, as far omt as the onter valve-
house. Ingress to the inner valve-fower is oblained by menns of
a steel gungway running over the crest of the weir, and aup-
ported thereon by granite cut-water piers 52 feet apart betweon
cemtres,

Provision is made for dreawing water from the resérvoir at thees
differant levels, namely, at 25} feet, 53 feet and 20 feet helow full-
sapply level, by meuns of 2dquch cast-iven bell-mouthed pipes,
passing throngh the valve-tower wall into a east-ivon stand-post.
Ench draw-off inlst i provided with a gtop-valve placed in the
valve-chumber, from which valve-rods are earried up to bevel-
geuve] headstocls, all placed on the upper valve-tower loor, which
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is 1 foot 9 inches above maximum Hoodswaber lovel of the
Eagurvair.

Over: each inlet ave plueed screens which cun be removed for
dleaning by mepns of chaing worked Ly winches eprrisd on an
uter platform runnping round the valve-tower, and supported
thevefrom by bowlels. Two 24-inch cast-iron  Epigot-and-faucet
Outlet-pipes pass from the stund-post, st 80 fest below full-supply
lm-ul, throngh the weir-wall to the outer wvalve-tower, BEach
Sutlet is provided with a stop-valve in the inner valve-towsr,
amd these arve vegulated similarly to the wvalves on the reservoir-
inlets,

A J0-ineh seour-pipe, lending from w fore-bay 00 feet below Tull-
Bupply level, runs through the inner valve-tower, and threugh the
Welrawall into the outer valvetower. It is provided with a stop-
Valve in the inner tower, which is worked by a worin gosred head-
stock placed on the opper Hoor.  From the enber valvoe-tower the
SCour passes into the river, where it hns its discharge. Both the
outlet-pipes and the seour-pipe are provided with valves in the outer
Vilve-tower, which will be brought into use only in the event of
Sceidents to the rogulating-valves in the ionner valve-tower. Any
water soaking through the wall of the inner valve-tower is led into
i sump, whenee it can be lifted into the seour-pipe by monns of a
Water-djector; supplied with pressure waber from the lowest inlef.
At the outer valve-tower, the two 24-inch outlet-pipes junction into
& G0-inch pipe, which runs to the stund-pipe in front of the engines
ut No. 1 station.

The detailsof all the irenwork used in the construction of the
weit were drawn out in the Btate, and all iroowork was oblalned
from (lreat Britmin. It spesks well both for the accuracy
digplayed in the preporation of the drawings, and for the cars
exereised in the munufacture of the varicus applisnces, that when
being grouped together as the work progressed, all parts fitted
torreetly into their respeetiva places; without any alteration whiat-
Byer,

The site of the reservolr, about B00 werss in extont, was
grublicd nodd clepred, and wll fnllen timber and decyineg vegetable
Watter was taken out of the river-bed and buwmed; later on the
Buckers and scrub were again eutdown and buened,  Abeut 20,000
dereg of the lower eatchment-sron. was ving-burked with the ohject
of inereasing the inflaw,

A conerete-lined spill-water hasin, abont 150 feek limg Ly 100
feet wide, i construeted in the bed of the river, at the tee of {he

Prue mer. e, vol. guxir] e
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wall, with n depth of water of about 10 feet. The water is confined
by a mound across the river-led constructed of rublle faeesd with
concrets,

The excavations for the foundations were begun in May, 1898,
and en their complation in Jirmary, 1900, the building of the wull
was started, and was carried on beth duy and night until sompletion
in June, 1902, an electric-lighting plant and eight arclamps
placed ab poinis of vantago affording ample lght for operations by
gl

Cement and Concrete—In the construetion of the weir-wall
76,418 casks of cement were used, and & further 1,000 in the spill-
water basin and other subsidiary works, or a total of 77,508 casks,
of which 19,787 caslss wera of Glerman manufacture and the balanee
British. The German cement was chisfly used in filling the
deep excavalions mude in sinking on the fault in the bed of the
rivar,

The lemgth of the average passage by steamner from Londen to
Fremautle wus more than ¢ weeks, and hy sailing vessel 90 to
106 days; and as.on arrvivael in the Stata the cement wis reesividd
into storage-shoeds where it lay at least 1 month, but generally
for & longer period, during which timo tests were made preliminary
to its despateh for wse, the cement had some chanee of losing
any *freshness” which it might have had when fisst placed in
casks, and needed comparatively lifile slaking. A eement which
did not demand mueh glaking before use was especially necessary in
eonnection with the smaller scattered works of the scheme, distri-
buted as they were over 350 miles, and mostly in country whase dry
atmosphere would nofi tend to satisfuetory, or, at any rate, speody,
slaking. In these smaller works, the cement having passed the
necessary tosts, was used diveet from the casks, beeause to slake and
then repack it would have entilod incommensurate expendituve;
but ab tha weir provision was made for sliking fully all gement
requiring it.

The tests, which were of an exhaustive character,! ware divected
not only towards determining fhe qualities of sach bateh of cement,
but also to so ascertaining those qualities that after slight trent-
ment in the State poarcels which seomed ot first to be. doubbfal
might be uged without hesitation. Bituated, as the works were,
at such a distanes from the source of supply, this was essen-

In the year 1903 oline over 000 briquaties wers made, not only for im-
medinte uwse: but lso o be beolken for comparison, ¥ months apd 0 months

and 1, Sand 3 yeurs after making,
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tinl. Taken altogother, the csments receiveld were very safis-
factory, and as the long-date tests become due, and the
samples wre exnmined and the briguettes broken, the resulls
eontirm the good qualities adjudged after the shorter tests. In
all, ninety-two completo annlyses wera made; of which thase in
Table IX. (p. 54) may be aceaptad 52 averdge results, The specifie
gravity varied between J-056 and 513, COn the whole, the
cement nged was exceptionally well ground, that recaived towards
fhe eompletion of the works being even finer than the enylice
eonsignments.  After the works were begun, a speciul set of bulk
tests wos carvied out, Several casks of the differcot brands were
sampled, and 25 Ibs. of coch brund was earofully passed through
elaves with a mesh of 14,400 holes per squave inch. The residues
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The tests of tensile strength manged from the usual 3-day and
7-day hot- and ccld-buth to 28-day cold-bath tests, a reserve of
briguettes being oiten retained from the vavious batehes for long-
iute tests. Al norule the results wers vary good, even when, fresh
from the ecask, the cement was subjected to the hot-water trent-
ment. The hot bath was utilized o determing the necessity for
slaking, it being found that o cemenl which showed a falling-off
frouy the cold-bath results, when treatad for o similar period i hob
water; generally Lieaded the cold-bath records after being fairly
sluked : and there are numerous series of tests showing satisfactory
Trierepss. in tensile swength at warious dates wp to 12 months.
Cements, however, which showed a tendency to fall off in strength
in het water had to give undeninbly pood results affier the requisite
periods of sluking, before being despatched o the works,

One feature in the relative rise in temperature on hydration
of aluked and unsliked cement s worthy of vetfice. Omn sevornl
oecasions samples taken stroight from the casks showed a com-
paratively small vise in temperature, yob the same cement, ufter
exposme to the ar, registered o considerable rise, For the purposes
of eloser examination o lone sevies of experiments was mads with
the some shipment of cement air-glaked under three difleront
conditions, nunely —

(1) Under the corromted-iron roof of a shed,

(2) Under the wooden floor of the sume building, spread in thin
layers on a lurge tarpaulin aod bused over duily ; und

(3) Under the spme floor, but placed in a box covered with wet

G 2
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bags, passages for carrents of air baing left hebwion the cament and
the bags, which were webted apd Loened daily, The maximum
rigo in fomperature i shown in Fig. 10, Plate 2. It is difficult to
assign reasons for shese resnlts, bubt Tuble X. in the Appendix,
obtained from long-date tests of this same consignmoent, shows
satisfactory inerease of stremgth,

The effect of sluking on subsequent expansion was also the
subject of o long series of tests. Ovdinury plass test-tubes, ¢ inclies
by 1 inch;, were filled with stifl groub, wnid placed in eold-water baths
after the coment had set, Tho tubes usually cracked after 3 days
or more when filled with fresh coment, showing a high rise of

Fiy, M.
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tempermture on hydmtion; but as sloking proeecded, so did Lhe
energy of the coment decrease.  Further; there wos apparently
renewed notivity after months of quirseence, tubes boing oracked
altheugh the cemont cova itsalf remained hard and sound and, so fur
ag the aye could detest, nhsolutely unbarmed.

The receiving- and sluking-shod [or the cément (Fiy. 11) was
Fuilt A% this temparary end of the {ram-line, b s, adjucent o s
crossing  of the weir-site, the upper ﬂnur of the ahed baing
ab the same level as that of the railwny-wagons, The sterage-
capaeity of the shed was 2,000 esle, and one-half of this quonitity
was taken by the slaking-fables, mrranged ou a falling gradient
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50 that one tipped o bo the pext and 50 on, until the cament
arvived at & shoot leading on to the trucks, which eonveyed it to
the mixing-shed. A lurge portion of the esment, however, did oot
reqmire speciul air-slnking. This, after having besn put throngh a
fino-meshed: sieve; paesad down o shoot ta the concrete-mixer with-
out being placed on the slaking-tables, Below the sement-shed, on
the same loyel 43 the quarty-road, the stone-crushing plant was
erocted. 16 conkisted ol 0 No. 4 Gator eviigher ciapabla of dealing
with 20 cubie yiurds of oranite per howr, and driven by . 25-HP,
Robey engine. In tle same shod, bub below the crusher, was
situnted  the concrete-mixor, portebls and salf-eomtained, of the
rotating-barral type, mechanieally fod with cement, stone nud smid
in the proper proportions, and eapable of mizing 20 eubic yards of
conerene por hour, Al tlds anehinory, from the cement-shied to the
delivery end of the conereto-mizer harrel, was designed so that overy
C-ihln].ti{:n which eould be effected with urrI'.'u.nIuH-u, or conld be
helpad, by gravity, was so arvanged ; and the whole proved very
satisfuctory in working,

Exeopt abont 1,000 cubie yards of sharp, conrse-graimed sand
dbtaimed from the river about 1 mile below the weir-site, the
whole of the send was brought [rom eithor Lion Mill or Bays-
water, distant 8 miles and 29 milos respeetively, by railway. That
from the former was of quartzs, and very fine-grained, yielding
oven and good results in the testingroomy The quatry; however,
required hedvy stripping of mould, and the sand itself required
sergoning and thorough washing, to c¢leunse it from vegetable
and earchy matters.  ‘I'his entailad the evection of a sind-
washing plant.  The sand from Bayswater was of a much betber
cluss, and required but light washing to free it from all earthy
1mgtarin,

About 30,000 cubie yards of spalls, for erushing to conerefe size,
srore selectad From the tuaberial obtained in the excavation of the
foundations. For the plums and the balance of the spalls required,
0 guarry was opened on the north bank of the stream, below the
waoir, and about 70 foct above viver-bed,

The weir and all aceessories were buile of conerete, but in the
former, large rough granite Wocks, just as quarried, were introduced
intn Lhe conerets. 16 was oviginally intended to build the wall
with 80 por cent. of these larme bloeks; but wilhoul pooper
plant, which was. got available, handling would have been very
expensive.  The conerete consisted of 5 parts by measnrement of
granite crushed to 21-dnch gawge, 2 parts of cloanod sand and 1
part of Portland cement. Ho long as the wall vemainad below tlie
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level of the mixing-honse, the mivture was conveyed to the warl an
an endless conveyor working in a trough, with travelling Tboards
secured by ropes and spaced 2 feel apart, thus ensuving that the
heavier aggregate was not separated from the matrix on the way.
Later, the conersto was conveyed on a trolley-line in skips, to a
Irge dervicleerame, which lifted the gkips on to tomporary
fram-lings on the growing wall: they were then pushed by
hand to o travelling steam-crane which lifted each skip in a
bridle, overturped, smptied, and returnsd it fo its earriage, The
conergte was spread and remmed by hand, the warious layers
being hroken up so far as the width of wall wonld - allow, in order
to break bond in both beds and joints; and in addition, the luvge
vough blocks; up to 2 cubic yurds in volume, were daposited and
thoroughly bedded and grounted, in order to key the bodding-planes
torather.

For the first 10 feet the Latter was limed and the concroto
ratained by rubble masonty, but above fhis lovel wooden feaming
was substituted.  This framing was of Oregon pine; and consisted of
uprights 9 inches Ly 3 inches, and 15 feet long, cut to the sweep of
thewall section, spuced 3 Foof apart awd closely linod on the wall
foee with 12-inch by L-inch Ovégon bosrds. TFor the firsti few
foet upwurds, the studs were held i position by shores, but later
they wers bored for 1-inch holts about 18 inches long, at wortieal
intervale of 3 feet, Tach bolt was fitted with an B-inch by 3-inch
by F-ineh iven sereweld wosher-plate, which was built into the
concrete, pud rempined thers: affer the bolts were withdrawn nnd
the halez grouted.  Fach vertien] stud was lap-jointed and holted to
the succesding ons, the lap being sufficient fo allow of two
belt-holds in the conorele bofore the lower boasvds wers removid,
No cross stays or ties were used across the wull, wnd the front and
back framings wore independent. Tha wuprights wors aligned
throughout with o theodolite, the heads of each section being cut
off” ta thi requivad lavel and fixed to theowidth of wwall eorresponding
with that level, with an allowance for sutward pressurs of the wet
donerete.  Rendering of the face was not desived or found neesssary,
g5 greal oirve was laken, when deposibing the wet conmmne in
vonbagt with the monlding-boavds; to leop all stone well back with
straight spades;, and a good finished face resulted on stripping.
The valve-tower and viaduct, which were carried up with the main
wall, were similarly built between moulding-boards, the Frimes
insidsand out being formed of gpright studs, cross silled and lagred
with d-inch by 1}-inch topgued wnd grooved Oregon bounds lixed
verkically,
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I Toe Prew:Lase!

The points on which the Commission of Eoglish engincers wore
asked to advise were, as regards pipes and main generally—

I:n:} “ Whether the pipes should be laid in g trimeh and coversd
in, or left exposed o view.”

(i) = Whether it would ba safe to rvivet up the whole line of
pipes, or whetlier joints, to allow for contuction aud EX phision, ure
Hoveseary; the kind of joint most suitubls, should they be
nDetgssary, "

(¢) “Material and method of manufactuve of pipes, whether
welded ar viveted, and whethore welding and viveting shall be squaree
or gpival.”  ‘Ehe useof east jron being probibited by the cost and
the difienlty of freight both by séa and by land, the Clommissioners
Were not o taks it into aceount.

(d) “The dinmeter wnd thickness of pipes, and method of
Protooting.”

As pegards (a), the Commissioners were informed that there wero
possibly deleterious salts in the soil of s lurge ot of the disteict
ﬂlmugh whieh the aguoduct would passs and, for this reason, and
also in order to avold pressure on the empty pipes, to save the
expense of trencling, and especislly to lacilitute detection and
Suppression of lonkage, they recommenided that the pipes should Le
laid abeve ground, uncoversd, with expansion-jointa.

The Commission recommendad that the pipes should be of steel
theoughoul, supported on bolsters, and riveted up inlengthsof about
LU fept, with expausion joints at these mtervals, and anehor joints
Inidsway, fixed to masses of concrete or piles, in order to pravent the
pipes from creeping.  The minimum thickness wasfixed at 4% inch;
and the pipes were o be longitudioally rviveted where the pressure
wast mnch Ghat the thickness of shell for riveted pipe was not required

—

| Numbier of Lanpths of Pipe.

|
2 Teel lomg with internsl dismeter
Dlaii 6f Phpa iy et loig with plates & oinch |07 ibhobes stincger end snd redugsd
il Wilok and of intemal dinmete. 0% smaller el accotding Uo Uik lisss
of plates o form welcecopie joint

- o Of S Iugh | OF L-Iueh | OF%-Tncl
| 88 Tnchica |97} Tuokics.| 20 Tnchen, o e | Ry
Welded . . 5,682 4,493 5,710 ‘ = i o
Hivesnd . o vk - 34,420 19, 769 | 5,287
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to he greater than I inch, and welided for all Ligher presqures | with
a miniminmn thiekness of J[ ingh,

Ponders for the pipes were aceordingly invited from Australia,
Tnrope and Amerien, the quantities spadified for being as shown in
the Tablo on p: 23, Tondorers wors ot the same time invited tosubmit
aléernative priced tor nny other kind of pipe whieh they desivod to
put forward, The lowest of the tondeérs received were as fallows
the pricts being for delivery in the Colony at & point 22 miles
inland :—

Lowest Temlers roocived-in
Clas of Pipo, E

Eurapae, Australbe
Rivebed J3pes o = & . o w e . 782708 094, sa7
Wilddsd (S o . y s 472, 500 iz
Locking-tar pipes iu lieu of welded pipes . . 250 B4R
Tobd o o o w |L1__u.*..*._',ms_ gzﬂuﬂ
f

The lacking-bar pipe, for which altarnative tenders were receivad,
bl bieen considered by the Commission and fvoarmbly commentod
on, bot was not reeommended for so large n scheme, hocanse
troof of its suecessiul manufacture and use on any considerable
sealo was not then awnilible.  Subsequently, liowevor, and before
receipt of the tenders, 100 miles of main; 25} inches in dinmeter,
Lind Leen Inid in South Australia: Tt had boen found that pipes
made from J-inch plate and frach from the closing-machine wonld
withatand a pressuve of 400 1bs. per squure ineh—or nearly ‘twice
what would be allowsd econtinvonsly in practicd on pipes of this
thickness of plute—without o weep anil, moveover, all pipes which
did not stanil the test conld be puassed back o the closing-machine
to lie veclosed, instead of being subjected 1o the usual uaull:ingL
procosses so  injuricus genevally to the plates and jointings,
Practical use an a fair longth of main alse showed that the jointing
could he suceessfully accomplished, thus leaving only questions of
comparative cost and comparative wsefuluess to be considered in
deciding whether the now pipe should or should not be used in place
of welded and riveted pipps.

Taking first the Austmalinn prices for locking-kar pipes and
comtrasting them with those for welded pipss, the saving 18 seen
tir b very markod, beine within a few pounds of 5l per cent.
Moreover, the price of locking-har pipes was but little more phin
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that of riveted pipes, The lowest tenderers were fherefore asked
o consiilor tho motter aeain, and they Llunl.nrl Triees for the
loking-tar pipes which eomtrasted as follows with those roceiveil
for the riveted ]_Ji[l'-’t“ E—

hde s of

Metu! {n Plpie Itiveted Plpe: Locking-Bar Pipe;

Tnels. Y- T 4 i ol
+h 1212 3 13 10 @
3 16 5 0 16 15 @
e 20 % 4 21 0 6

Making n deduction of {5 ineh from the thickness of the plate
to nllow for corrosion mod coringenaes, and MESUIIYT L Fale
working-pressure of 74 tons per square inch of net seotion of metal,
tho aafo hend of water on pipos of these thiclmesses, and 30 inchoes
in dismeter, iz shown by the following Tabla i—

% Sk ryman Bt Working-Huud,
i Maotal
In Fiyio. Riveteal Pipe Welded Tipe.
I, | Foat Fuoat,
Fi 2E0 and
i 310 483
i | 458 47
|

The locking-bor pipe being as strong as welded pipe, it woald
b possible to effects considerable economy by using % -Ingh and
{=inch locking-bar pipes; in place, respectively, of the 4-inch and
Pp-inch  riveted pipes which had  been  specified originally ;
but it was veeognized in the State, when pipes of so small o
thickness as % inch were included in those to be tendered for,
that grest cara would be required in handling them, in ander to
pravent domags ;. sand ong vesult of the favourably low tenders
was that a minimum thickness of 4 inch was provided throunghout,
thus greatly increasing the probable life of the main in the vecy
portions where the soil ig-worst, and the variations in tempermn-
ture greentest,  Morveovor, by hiving one thickness and one diameter
thronghont; the contractors were induced to muke a further
reduction of Ha per pipe, so that the whole length of main was
laid with pipes 30 inches in dinmeter, thus effecting some saving
in the eapital cost of the pumps, as well w5 in the eost of pumping,
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Bumming up tha position, the results of adopting locling-
bar pipes and & uniform dismetér throughout are these:—The
soction of the ground traversed by the pipedino is sach that,
considered purely from the point of view of obtaining minimum
prossures on the main throughout, it would be adyisable to vary
tho dinmeters und thus use up suporfluons head ; but the variution
of pressure with o uniform disnmeter could not be largs if
the pumping-stitions wern snitably loedtsd, and this slight dis-
advantage was considered to bo more than eounterbalsmeed by the
reduetion in the eost of the pipesand the other advantages attending
n nniform, and to soms extent larger, main, Moreover, the substi-
tution of locking-bar for welded pipe effected o suving of no les
thun B0 per eent, of the cost of the lutter; and, although, as compared
with the viveted pipes tendored for, tho locking-bar pipes eventually
provided cost 114 per cent. more, on the other hand; the lutter wera
considerad superior an several ways, Their Bictionsl resistancs,
necording to. older accepted formulas, was less in she rmatio of
2:5: 31, a difference of 25 per cent. ; and the probable daiiagoe in
hnndling 4-ineh in Heu of %-ingh plate pipes would be less, and the
prolable life of the pipes would be snoch loonger: for the actual
thickness requived for safe working being about as 2 of locking-
bar to 8 of viveted pipe, the substitution of ]-inch plate loclking-
bar pipa for (Leineh vivetod pips mennt n provision of Jfy ineh of
plate in plave of |\ inch for corrosion and damage ; and the sulstitu-
tionof }-inch locking-bar pipe for 4-inch viveted meanta provision of
+r dneh for comosion In place of {4 ineh in the case of the riveted
pipe, a ditference, theralore, of 133 to 233 per eent,

As the adoption of lpcking-bar pipes obvigted the serions anid
continnous loss of water which was to be antigipated from a pipe
having multitudinons rivet-heles, the question was considered
whether the soils in which the pipe would have to be laid would
tond to shovten its 1ife; and if eo, to what extent. As already
meantioned, the natural witer cbtainable on the goldfields iz highly
mineralized ; moreover, it often contains free acids.  Therefora thin
unprotectad pipes in contuet with this water could not have any
lengthy life—a conclusion whieli expericnes has confivmed; but
careful analysis of the soils along the pipe-track (Table XT.)
showed that, where mining-operations did not entail distribution
of such witor on tothe soil n which the pipes might be buried,
this &oil has been 'so much lenchisd ws to have lost many of s
harmful properties, exeept, of course, in the salf-impregnated hads
of the so-called “lakes” i wus decided, therefore, that in the
Intber sitietion the pipes should b daid on trestles above ground,
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but eoversd with a low roof of galvanized iron: and thai in the
vemainder of the section they should be buried, thus cobviating
tny necessity for expansion-joints and permithing, in fuof, the use
of prdinary lead jointing.

The Conting,—In determining the composition of the coating to
b used, wide extremes of temperature had o bo allowed for. The
fierce and continuons heat of the goldfields snmmer, when filie
temperature in the sun attaing 150° to 170° 1, is sulficient to render
tven bloek nsphalt plustic,.  On the other hand, the frosts of winler
waitll injuriously affect too hard o conting; and, moreover; as
wxporiments showed, the extreme drymess of the soil ab certain
teasons, togother with the heat, would very likely siuse some loss of
esgenbinl oils. A8 thevesult of o lnvgn number of tosts of mixtnres,
mude hoth at the pipe-works and at the head offive, the coufing
uged consisted of ong part of asplals smd ene pard of coal-tar
applied na deseribed Inter, and freely sprinkled with sand whils
still hot and soft. to reduep the risk of the coating runming
when exposed in hot weather, No doubt the Intter obhject could
bava been nttained by more boiling, but the harder eoating-mixture
would lave been britile and more linhle to dlake off the pipes.
Even ilie conding used rhn to gome extent when sxposed for many
days to the ok sum g but all exposure of metal, owing to this and
othor damoge, was sygtematim.lly made good just before the pipes
Wers buried, The inside of the pipes wers similurly conted —exeapt,
of comrss, that we sand owas gpplisd; bub, sa the water passing
through is soft, although eontaining 20 grains of solids per gallon,
and as vegotable weids are absent, much corvosion of (he interior
surlucs is nof anticipated : and where the pipes hove beon emptierd
and opened 12 months after water started 1o pass continuously
tb.ruugh them, the interior has appearved to ba ns cean and good
as when they were first Inid.

Jotnts—A simple gleeve joint (Fige. 12) was adepted, the ring
being 8 inches wide, nud ) inch larger internally than the pipe
externally, to allow for elight variations in' the ving, and to perinis
of the use of lead filling throughout, Tor working-heads of 320
feet and less, the section of ring used wus as shown in Fig. 13, the
waight being 1268 1bs 1 but for heads of more than 320 feet & stronger
form was used, as shown in Fiy, 14, the weight per ring being
1a0 s, The finished jointing has proved very effsctive, che los
through leakage being small. From the pipes alome, on Bectipna
1-5; 1t was found o be 343 gallons per milp per diem. From the
whole length of 295 miles between the storge reservoir at Mon-
Uaving and the last pumping-station itwaz found to be 480 gallons
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per mile por diem, over 10 months’ working. This figure includes
losses: dus to evaporation and percolation from nine pumping snld
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fields, it was vesolved that from Northum enstward the pipes
should be lnid parallel with the milway and ab o distancs’ of
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45 feet therefrom ; thus gaining the grept mdvantages of easy carrings
and, subsequently, of eusy supply of water to the mailway: bab
between the weir and Northam the vailway was deviated from, in
order to shorten the distance;, and also for the purpose of traversing
higher country and thus reducing the pressure on the pipe.

Fi:;n_ 15 show the pross-seotion of the lﬁtne-t'f_-em_-l'g and eovering
adapted. Whera sult lakes or their beds occur, the muin is cirried
on timber trestles, the pipes being surrounded by an insulation of
saw-dist, which is kept in place by gilvanisad corengited fron.
This mrangement has been quite sncosssful, no movements at the
joints having faken placs. Across the Aven River the pipe is
clupl]mmd, sunk beneath the bed of the river, and embodded in
conorete. At railway- and road-crossings, the pipe is alse protected
by a shield of conerete.

At intervals of about 5 miles; stop-valves (Figs: 16) nre insorted,
the dinmeter ol the muin being reduded by cast-steel rodueing-pieces
ko 21 inehes.  Where long rising geadients oveur, rvefluc-valves
are placed, the pips heing similatly tedoced, Seour-valves wre
provided where required at both stop-villves and reflux-valves.
The stop-valves are actusted by slow-motion geaping, and, en
sactions whers the water-hammer was likely to bhe considerabla,
small by-passes were introidnesd, anid 5o contrallad that the water
was brought to restvery slowly, Air-valves of the Glenfield pattern
were placed ab all summits, n nest of three lwing placed ot the
highest poinis, w oest of two ol infermedinte points, and o single
valve at the lowest pointa, Thess valves are of the doulile Type,
provision being mada for w lavge eseape of air when charging ihe
maan, while air aecumulating in the pipe isautomatieslly dischareed.
This automatic dischorge, instead of being obtained by warying
the dinmeter of the ball, is elfectad by vuriation in the dinmeter of
the orifice in the nipple. By this armangement the mipple-
orifices for the high points;, where the pressure is light but where
largor volumes of air aeeumulate, are of the lwegest diameter,
and eonsaquently afford the mesimum  provision for the discharge
of qi

Meanmfaciire of the Pipes—Figs. 12 show the section of the pipe
used, the dimensions varying sceording to the bead. A pipe consists
of two plates, encleof the full lengih of the pipe and cuch bent to a
somicirele.  The edges are burred or beaded to the shape of w dove-
tail, and are inserted in the open jaws of Leavy longitudinal bavs,
which ave subsequently closed cold on to the edges of the plates,
thos forming lopeitndingl dovetail joints. The stesl used in both
plates and bars was open-hearth basic steel with o specified tensile
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strength at fivst of not less than 25 tons, or more than 29 tous, per
suars inel, Expariomes giined in the manufaeture of tha pipes,
however, showed that stesl of this guality was somewhat too hapd
for the burs; which, owing te the cold working, failed under test by
the bursting of the jrws belore the plabes wore roptored. 16 was
idao fovnd Ehat whon brs wi.'-'(ghmrr G} 1ha, and gi T, per lineal font
were used, respectively, with Hnch and f-inch plates, the bars
failed bofors developing the fu].l strength of the plate s eonsequently,
the respective waights of the bars wers inorensed to 7 Ihs and B Ibs.
per-lineal foot, the stesl in the bars baing of a tensile strength of
between. 22 tons and 20 tons per square incl. Trom esch weel's
output of pipesat the works pieces were cut and tested to destroe-
tion. The rasults ire given in Table XT.

The pipes were made in Westorn Anstealia from imported plufes
gl boes.  Of the former, oue-half were brought from Gormnny,
pnd the kalanes from Amevicn ; bat all the bars (and the joint-rings)
were obtained from England. The plates, which were n frifle over
2H feeb long by 4 feet wide, were first possed throngh horizontal
rollurs, three nbove and thres below, for the purposs of taking out
all kinks and rendering the plates perfectly straight, They were
then cul syuaee and to the esicd lensth of 28 feet, The planing
and dovetailing machine next cut them to the exact width, and then
Trred the edges by means of rollers to form the beading for tha
dovotail jointi,  The plates next pussed through a longitudinal press
wherain  Tioth edges wera given the requirad enrvature; thus
avoiding auy necessity for the beading or dovetiil being passad
hetwatm nnd demsged in the enrving-rallers to whicli the platss were
now heonght, to be bont into sewdciveles in Che wsual Way. On
eomplétion of this process most of the seale biwd been loosensd and
detpohed, and the plates, having been t]mr::uughiy eleanaed of all
vernnining sealo and rusty, wore ready to be formed into pipes.  Oue
semi-civeular plate was now placed in a row of half-cirenlar eramps,
vesfing on seats, and a locking-bar was fitted over ewch edge.
Anothor semicivenlar plide was Ehen dnverted and lowered until its
edzes rested in the upper proowes of the locking-bars. The upper
halwes of the eramps were then placed over the top of the pipe und
vonnscbed to the bottom hulves, and the plates were bronght firmly
hipme into the grooves of tho locking-bars by tightening the. ammps
with cotter-pins; The pipe in its onciveling cremps was thon
vonveyeld to o hydraulic elosing-muchine eapalie of developing a
pressure of aboot 1,200 tons, wherein the locking-lors were pregead
on’ to the plades, completing whie mamulfnetnre of the pipe. The
whole of the operations were performed without hssting plates
or bars,
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Ench pipe, befora being passed, wns subjected to a hydraulic
Pressure of 400 Jbs: per square inch. The closing of the locking-
barg wis #o effeetual that only a swoall percentape of the pipes
were found to sweat at the bars, These were returned to the
cloging-muchine and re-pressed, and this was found to stop the
Swending effectuslly. About fifty pipes failed oliogethor in the
Joint under this test.

After heing tested and passed, the pipes were coated, They
were first heated to a temperatura of 3007 F. and then placed in &
hath eonsisting of & solution of erdimary gas-tor and Trinidad
anphalt, in the proportions alveady stated (p. 27), and kept at the
bofling-point,  Un being lifted fram the bath the pipes wers allowed
o dpain for about a minmte, and were then veyolved in a machine
“-'huv_ i iﬂﬂi (if GulLI. '.Lil‘ WS fl.'l!'L‘t!ll ﬂ].l‘L)'u,l;;_l f:j.lt‘]u, t'{_:l' l,lj.iq Plurpibe ur
unsuring that the conting chould sob in a oniform  thickness.
When it hed cocled considerably, and just befors setting, o
sprinkling of sand was shrown over the outgide of tho pipn and
gemtly pressed inbo the conting by menns of rollers.

After all initinl difieulties common o new wetliods of manufac-
turg hud Deen overcome, the pipes were burned out finighed at the
rite of 150 to 100 per diem from two factories, each of which
worlwed two shifts of B hours each,

Two points required special attention in the econstruction and
use of this pipe. The fivat was that the jaws of the locking-bar
should be pressed well home on to the
plates, no eaullking of the joint being per- Higs. 17.
mittid af the manufaetory, Unless this
was very carafully done, wator would enter
at the ends and work alung the pipe nt B LOCKING-BAR anD PLATES
in s 17, until some exit was penchod, — 8BFORE CLOSINC 05 BAR
Examinution of the pipe, smd slight caulk-
ing af the ends before plocing in trenches, ;
dfﬁpﬁm] of such cages of opening of joints
a5 wers cansed in o eomparatively light wﬁﬁ:"gg‘&'ﬂ'“ﬂﬁ&ﬂ
Pipeby hondling and exposure afterdespateh
from the manufaetory, The second point also related to tho
necessity for closely pressing home the locking-bar, as caulking
was not possible at the peints marked AA: the difficulty was
overeame by eutting or chipping away the portion AA,

Convoying, Disyibuiing oud Tiloading Pipes—The whols of tha
Pipes had to be conveyed on the ftrucks of a single-line railway
of 3-foot @-ineh gange. Most of them were laid olongside this
line, bmt thase which had to be tuken acress country where the

|rae twsr. 0w VoL OLXIL ] »
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pipe-line devinfed from the milway were conveved from stations or
sidings on spesinlly constroeted carrisges. The pipes bad to be
distribufed from the tiins very quickly, so that the oedinsry
traflie on a fairly hard-worked railway would not he inteefered with.
The railway wegons: being ench shortor than a pipe-dength, two
bogie-trucks ware firmly conpled, thus giving o cloar Hoor-length
of 30 feety and {he pipes were pluced theroon’ in three tiers, The
bottom thres pipes wors kopt in position on the truels by means
of chocks with réemowable gib-bolts, and three recessed holaters,
each pluced sercss and over the bottom tier of pipes, carried the
second layer, alse of three pipes; which, in turn, were Leld in
position by means of chocks and gib-bolts similar to those used for
the bottom tier. In the recesses of the sécond layer of pipss o
third tier of two pipes was pliced. A truck-load thevefare
consistad of eight pipes, and the trneks were sent forward o lains
of eleven to thivteen.

The unloading contingént of men, consisting of fonr pamgs who,
up to the arrival of the train, hed been engaged on the éxcuvation
of the pipe-trench, then took charge. Dach of these gangs con-
sisted of six men, mduding o leding band who eontrolled the
gang's operations, Each gang had genorally thiee (oucks to
unload, and when the train consisted of an odd number of trucks,
the extra truck wus allotbed to the gang fivch pgetting to
wark. The average tima m':'-ll[nracl in ‘|‘|1‘||m'i€|‘mg from  the time
tha loaded train left the siding until it returmed therets with the
empties, was about 1 hour and 200 minutes, but the unlpuding was
froquently done in lesa than 1 hour. During the remainder of
the day the unloading gangs were kepl ati work on the expavation
of the pipe-trench, sections of which had been left for this purpose,
This system worked admimbly, there boing considorable rivalry
batween the warious unloading gangs, and the gensenl railway-
trafiic wis not interrapted.

Jointe—As the whols length of main i3 of uniform dinmoter,
tha Imihﬂitry of nsing machinery in plaes of hind-eaullang of
the lead joink was considered al an early stage. Careful frial at
beadguarters of joints caulked by bond and by s meichine
dovised by a local firm, demonstrated thaty whereas the machino-
made joints when subjected to hydraulic pressore attuining 400 lbs.
por sgquare inch vemasined guibe watertight, on the other hand,
slight swests and pin-squirts manifésted themsslves in' the hand-
made trial jointe solunitted to the same test.  As a 30-inch pipe of
+inch plate springs somewhat, even under the fpact of a very
light blow from the caulking-hammer, it i somewhnt difflenlt to
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get hand-caulkers to finish s joint water-tight; moreover, in
Practice, men working in eonstrained positions for long hows, in
manholes under the pipe-joints, connot be expseted to do uniformly
goot work. On the other hand, the machine caullking enn be done
b}' pressure applisd unilormly on both sides of the joint-ring, and
guite as uniformly on the lower as on the upper side of the pipe.
Machine eaulking was therefore decided on, with tho good results
n freedom from lealage alveady stated,

The caulking-machinery consisted of a portable oil-engine of the
Spantaneous-ignition type, built in Australis, and of about 53 B.HP.
The underframe of the cngine also curried a dynmmo which was
belt-driven off the engine fly-wheel. The current was transmitted
through u cable } mile in length, so that about § wile of pipe
could be caulked before moving the generating-plant to a fresh
position. The cable was eoiled on a drum carried on the after
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part of the transport also earrying the caulldng-amachine, and a
Plug gontact wos used [or connecting eable and motor, so us to permit
of nnhamperad coiling and uneoiling of the eabla on tha drum. The
canlking-machine (Figs. 18 and 19, Plata 2) was in two halves, ene
litting over and the other under the joiuts of the main, und on the
top half of the outer frame was curried the electrie motor (of 2HP.)
Whiel was balt-connected to a shaft, and by means of intermediste
geaving worked the rims holding the caulking-tools (Fig. 20).
These rims or meks were guided by small, hardened steel rollers,
£rooved on the onter circnmferences of the racks, but plan on the
inner cirenmferencs. Into jaws on the vacks were slippad the
caulking-tools, two in each rack, one eperating on the upper half of
the joint and the other on the lower Lalf, i.e, on the underside of
the pipe.

The ciubsing-maching was mounted on a transport on which it

n 2
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was cartied along the top of the pipe, from joint to jeint, the lower
half of the machine being slung on the transport side by side
with the upper half. On areival at a fresh joint the lower
half was lifted off, pluced over the joint, and slid round it
to the underside; the upper half wis then lowered, wnd the
two halves wero fostenod together, racks were elipped and the
toolg placed in position, the plug-conuection betwseen drum and
motor was made, and the muchine was started, the ceullkingtools
warking round the pipe brpekwords and forwards until the lead
wis pressed home, The number of semi-revolutions found neces-
sary ranged from five, where the caulking-rollers were } inch
thick, to seven where (f-inch or Z-inch rollers hud to be used
to mest the varying distance hetween the inner surfuce of the
joint-ring and the outer surface of the pipe. On completion of the
eaulking these tools were replaced by knives, which eut off the
fillet in the lust semi-revelution, bringine the racks back to their
priginal position, nnd thus permitting the machine to be dis-
mantied and moved to the next joint. When onece fuirly started,
the operntions wera earrigd on without hitrehes, and the machinery
of ull deseriptions, including motors and dynamos, werked well,
notwithstanding that it was usually working in a cloud of dust
due to the proximity of the trencl-filling operations.

Each installation roguired three men (one a mechanic) for the
working and transport of the esulking macline, one min for the
enging and dynamo, and two hand-caulkers, wloss special Function
was to. sanlk at the If]l:Hllg-h:w.-_.‘. whose projections pr@tenh?ﬂ the
vollers from working vight reund the pipe, Tn addition there were
charges for parts of the time of mechanics and others whose duty it
was to keep the electrical and other iuschinery in repair. The
whole immediate cost of an installation per diem amounted to
£5 1s. dd.y ond as the nverige duy's work when the initial diffieul-
ties hind beon overeoms was ﬂﬁl't}"-(me juhlﬁ&, the cost por jnin‘h WA
Bs. 3d., or 1w loss than hand-canlked joinis were actually costing.
In addition, the saving in the avernge size of munhole necessary
Wis l-E citbie yardss and these two savings counterhalanced the
whole cost, including the putont-rights of the machinery. There
is no doult that, with the experience guined, machine-caulking
ould Lo rondersd cheaper than hand-enulking, especially for a
civeular pipe without projections; bub the object in this case was
bo obitain uniform and cortain work, and this wes attained withoub
extir dost,

Bacapation of e Tronch.— The surfnee formation of the country
fraversed s very drvegular.  Onthe pluing, ivonstone eonglomerte
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predominates, bub never extends continuously for more than a few
chaing at a streteh, being broken by bands of sand, diorite, and
granite, In the timberad helts, 2andy elay is the wsual surface
s0il, but with outerops of granite, dicrite, and schist interspersed.
Whera af all possible, the material to be fnken oufi was loosened by
woang of ploughs, each drawn by four horses hamessed in single
fils in the line of trench, and working to any depth vequired ;
but the bulk of (he tranch was taken out by maoual lnbour, sod it
Wis nectssary to uss explosives on more than one-fourth of tha
total material removed. Where the material could be mowved
without the use of wiplosives, 1t was found thet the most
eennorical depth of trench, with due vegard to eost of obtaining
cover-material, was abont 3 feat 8 inches. Whera the conntry was
harder, the trench was taken out to a less depth, the principle
kept in visw heing that the eost of the trench, added to the cost of
cover, should be a minimum. Occasionally, the contour of the
ground would not wdwit of economical grading in combinadion
with proper alignment for tha pipes, and, in such caser, cost was
subordinatod to the more important consideration of sasy alizn-
ment of the mauin, The excevation of the trench was kept well
abead of pipe-disfribution, aying snd jointing, but in order
to provide enntinuons work for the sanes on thess lattér operi-
tions, should any hiteches ocenr in the arrival of matorials, sections
of trench were lefl unexcavated al ntervals,

Lagisyy and Jainting Pipes and Filltng in Trenches.—The work was
divided into seetions of about 14 miles each, to bo dealt with by
one: caulking-installation, and when the work was completed the
whole gang wont forward to the next wweilable section. When
the works wars brought into fall swing, seven such pangs were
1t work on several sections; and, the ¢lass of work performed
by each being identical, thers was consideralle rivalry betwesn
the puriies. Hoad worly due o baste, was preveted, huowever, by
the appointment of an inspector on each section; who reported
diroetly to the head office and was responsible only for the quality
and not for the eost of the work, thus placing these departmental
operabions on the same footing us these of a contractor.  'The rate
of progress during the last 3 months, before approsching eample-
tion eaused disbanding, was, per day of 8 working-hours of seven
gangs, 1% iile of luying, jombigs, and complele Gling-in of
trenches.  The applinness in use by each gang consisted of twa
pipe-lowsring frestles, four skids, one pipe-expander, ons lead-
melter {Fa'g'x,ﬂt} and vetaner, and the engine and canllang-plant,
The lead-running gave great: trouble uniil the lead-melter was
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devized, after which honoyeombing and other similar faults were
prevented.

gs, 21,
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GEsEnAL AnmancENENT oF Lean-Murrrn,

The sequence of the vavious operations wis cavefully reguluted.
Foremost wors the men repaiving the costing in the ports
damaged  (duving unleading o transporfation, or where it had
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bocoma defeetive owing o exposure for considerable time to the
intenze summer heati; nnd in the same =0t were the pipe-scrapers
nnd locking-bar ehippers, who chipped or seraped off the coaling
at eqeh end of w pipe for a distance of about € inches, to ensure
good lopdrunning, Next eame men cutting msnholos, o little
alisad of these Inying the pipes in the french, and following these
came the ring-sstters, who wodgsd up the joint-ring tosuch gange
as would give a laad joint of uniform thickneéss, Tnsuccession were
flig leud-runners, whose work wis, when pos<able; kept at loast forty
or fifty joints aliead of the caulking-machine, espeainlly in wintor,
ag showery and eold wosther nliected the quulity of the lead-
tunming s thus stoppires in sach wenther, or defeetive weork which
had toe ba remedied, did wnot delay the eanlking-operations.
Following on were the hand-canlkers, who caulled the joint at the
]Dc];_iug—bm‘ and for a distance of about 4 inchex on each slilo of it
Tha best results ware obtained not by allowing the hmld—cau]king
to finish abruptly, but by tapering up to the uncanlked portion ; by
thig means the maching rollers wore able to work by degrees wall
hiek on to the hand-canlked portion; with an abrupt finich of the
hund-esulked portion the machine vollers wers Tinble to mee and
wiuse breskages,  Tlus rucing vould of course have been avoided by
oxtra care on the men's part, but of expenditure of VLLECESSarY
Time, to save which would have ontailed the danger of the rollurs
not being bronght far enough along, thus leaving the joint imper-
f:,lut.l}r canllied ot the junetion of hand and nachine work., After
the hand-enulkers came the waehing, und a5 ench joint was finished
the jeint-inspector examined it; pipes ware covared o a depth of at
least 12 inches as soon 43 the inspector had passeda jointand it had
bison tarred, =0 thal the partial filling-in was un'i_]r two or three
joints b most behind the madhine.  The complation of the filling-in
and the formation of the covering banlk was always 400 vards or
more beliind the machine.

harging the Maln—DBy the 13th April, 1902, the works swers
suftisiently far advancod to enable pomping to b commenesd with
one of the engines al Noo 1 station, No trouble was experienced
in getting the engines under way; in fact, practically no hiteh
whitever seenrred ot any of the cight pumping-stations, and affer
onee starbing b any stabion the machinery was in conditien to ha
waorked; and was worked, whenever desimhle. By the 23nd Apeil
the water had repched the Cunderdin Resevvoir, at mile 77, Four
months now elapsed befors the laying and jointing of the next
seition wos comipleted, wad it wis net 41l the 22nd Adesust, 1002,
that the water renched the Merradin recsiving-tanle ab mile 140,
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Some little trouble wis experienced in charging this seetion, through
the joints lealdng, due mostly to the subsidence of the pipes laid
seross tha bad sronnd dn the bed of the Mortlock River and
adjacent soft conntry. 1t was through leakage of some of the
joinis on thisseetion that what imay be deseriled s “sand culs™ were
first cxperienced. They were cansed by the joint action of tho
eseaping water and the falling sandy vovering, playing together on
a spull portion of the outer sorvies of tho pipe. This petiom is
somewhat similie to that of the sand-blast, and, nnder favourable
vonditions, one of the thin pipes used could be ecut throungh in 4 to
6 hours, Fortunafely, only six esses of the kind have been
experiencad so for,  TE discovered early, the plucing of an enciveling
band on the pipe (sueh bands were kept in rigliness) met the
difficulty ; but if the plate of which the pipe was made bad o hole
ontively or nenrly cut through, a length of the main had to be
omptied and the damaged pipe was veplaced. To gunrd against
occurrences of this nuture; the upper halves of the lead joints were
subsequently kept uncovered for some little time in comntry of &
sandy nature, and where the main is nnder a head of 300 faet ov
more, The witer reached the Coolgardia service-reservoir, at mile
528, on the 22nd December, 1902, and, finally, the Kalgoorlie
service-reservoiry, on bhe 16th Junoary, 1903, aboat 8 months after
the charglng of tha muin wos starvted,  The pumping wis resbeicbed
to an amonnt sulficient to fill about 12 to 15 miles of main per day,
and, at this rate of charging, no trouble from air-pocketing
wii exporienced, it heing found that the air-valves had euflicient
1|is:'.lml‘ging~capmity to  pass the volime of displaced  and
eseaping air.  The whole or part of the main haz now been
conveying water for newdy 2§ years without a0 burst haviog
vesulted sither in the main or in the walves or other specias:
the ouly oceasions on which it has been necessry o cmpty
any portion Of the mudn bove Deen when the * sand-cuts” haye
veeurrad,

IN —Tie Podresa-Macnmsney.

Frictiopnd Resistanos of Pipes.—It was originally ealeulated that
fom o discharge of § million gallons per diem through 30-inch viveted
pipes the frictionnl vesistanen per mile would be sgnivilont tooa
head of 4 feet, which was obtained by applying Kutter's formula
with a eoeflicient of reughness of 0+015, o fegure deduced from the
mensured frickionn] resistance of the 48-nieh rviveled pipe of the
East Jersey (US) Warer Company.  But the change 1o a much
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smoother pipe allowed of a eonsidernbly reduced provision. The
Commission of English engineers had proposed a frietional allow-
gnee of 2+5 foel per mile for welded pipa; but, in view of tha
cliss of water o be dealt with, this allowance was inaeased by
20 per cénf.; and as it was further determined to incresse the
daily quaskity to 53,000,000 gdlons, the ullimste allowainee was
raised to 8-T6 feet por mile.  On completion of the works, two
tests, each of 19 hows' duration, weve made; one over 22 miles and
the othor over 12 miles of pipe, the results ou reduction showing
an averare reistance equul to 2-25 feet por mile for a dischiarge
of 5000000 gallins per diem, or 2-8 feet for 5,600,000 gallons,
These results, being for clean pipes, are considarably less than the
ultimate estimates ; and this was foreseen, for veferenca-to Fig, 44
Plate 1, shows thati the main was laid to an even less fall than 21
feet per nile, in opder to swve unnesssary present pumping.

The total ultimote feiction-head for the whols distance from
the weir to the main servies-veservoir at mile 307Y of the
agqueduct, calenlated st 3-70 feet per mils, amounts to 1,156 leet,
and the nedwenl lift fo 1,200 feet; ond the aggregate loss ab
seven pumping-stations for reservoir provision leing 122 feef,
the total head to be provided for 1s 2508 feet: but elevated
grommi] Datweon pumping-stations Nos., 8 and 8 made it necassary
to raise water 87 feet higher than if the slope had been gradual,
thus making the total hend Lo be pumped weainst 2,050 feet,

The great advisability of keeping the machinery to uniform
size and pattern finally determined that the pumping-stations,
aight in npumber, should iprovide for a wtal Lty ineluding frietion,
of 2,700 feet-—or 45 feot more than wis absolutely necessiry
—qimely, 450 foet at the first four stations, and 225 fest afb
the last Fonr. The waste head thos amounts to a tvifle less than
12 per eent,  Moreover, in regard to she advisshility of uniformity,
it wus further decided that the frst four stations should Te fitted
with thres groups of machinery, any two of which should be
capable of performing the requived work; and that the lust four
stations should similoly be fibled with two groups, encli capable
of lifting the full quantity por diem. The powér nocessary hod
thus to be the same in every group, namely, 265 effective TLP., but
to allow for deterioration and eontingoncies the pumping power
vontracted for was nearly 3035 HP., or abeut 144 per cont. extra.

The requirements and provisions may be summed up thus:—

HP,
Tiffeetive horas-powar Hecessary . . C e LR
' 1 provided forwork . . . @3 yB42

i " 1 BE reserve ., . . 24206
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Tenders lor the necessary pumping-muochinery wers invited in
April, 1899, madkers being permitted. to submit liernatives us in
tha epeo of the pipes. In the result' a contract was entered into
with Massrs, James Simpson and Co,, in March, 1900, for twenty
gronps of machinery at an o garognte eost of £241,TH0, exeluding
spaves, but ineluding evection. A detailed lluucrq:t.mn of the
muchinery iz outside the scops of this Paper, which, however,
would be incomplete without the following brief account, and
results of tests,

Deserigiion of Mackinery.—The pumping-plant consists through-
out of nlmest identical sets, the only difference being that in the
first four etotions tho pump-plungers are 15 inches: in dinmeter,
working agminst o speeified hend of 450 feef, while in the second
four stations the diametar 18 21 inches and tha: head 9285 faat.
Ths engines are horizontal, six-cvlinder, high-duty, triple-expan-
sion, surfuee-condonsing engines of the Worthington duplex, dirvect-
sebing type, the dinmeters of the hieh-, intermedinte- and low-
nressurg evlinders being respectively 18 inehes, 25 inches and 46
inches, the novmel stroke of the pump-plungers 36 inehes, and the
piston-speed 160 feet per minute, The pump-plungers are
extarnally and centrally paeked, and divectly convected with the
stesm-pistons, The pump-valves ave of stamped bronze. Tha
steani-eylinders are jacketad thronghout on heads und bareels with
slonm at boiler-pressure, sud the steam is ve-heated on its passage
both from the high-pressure to  the intermedicte-pressure;, snd
from the intermedinte-pressura to the low-pressure ¢ylinders. The
re-hoater tubes which drasw their stenm from the ny]inder-iaf]:ets
e placed  low, thus being the means of dra.i‘nnga for botoh
cylindevs and jackets. The stemme-distribution is controlled hy
Corliss valves, placed in the eylinder-heads, and the mt-off in
ull eylinders is ndjustable by hund while thoe engines are running,
From the air-pump the condensed steam passes through an exbaush
heater placed in the exhaust steumnuin to the eondenser, and is
delivered into an elevated fred-tank in place of the ordinary hot-
well, From this tank the water gravitates to a Webater hester
and oil-sepumtar, where it is further heated by admixture with
tihe jacket-condensation and with the exbaust from the boiler feed-
pump. From the heater the feed-water is pumped by o Worthing-
ton feed-pump through the economizer back to the boilers, Steanm
i supplisd by a uest of Bobooek-Wilcox water-tube boilers, wich
designed o -m-.]'ip]y tho nepestary l.!u:tllt-i.ty for one engine, and
having eighty-one tubes 18 feet long and 4 inches in dismeter, o
single drum 24 feet 7 inches long and 4 feet in diameter, with n
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superheater placed between water-fubes and drum. A CGreon
oeonemizer ie provided for each installution. The chimney-stacks
ara of stoel, b feet in dinmeter: those at the fiveh two stations are
130 foat high, nt the third and fonrth stations 100 feet, and at the
lagt four stations 90 feet,

At six of the pumping-stations, reservoivs 15 to 20 feet deep
have been provided adjacent to the machinery, to receive the
dischargo from the main and to furnish s store for the pumps to
draw from: and in order to reduce suetion Iift and facilitate
pumping, the ¢entre lire of the pump-plungers has hesn keph
below the top of the reservoir by about 8 fest, At stations Nos, 1
and 3, lowever, special armsngements wers necessary. At No. 1
the pumps, if connested directly with the main Trom the Inrge
sharage-reservoir, would have been subjected fo & head eof about
100 feet when this resorvoir was full ; and at Ne. 3, where there isg
% mile of main between the large reserve reservoir and the pumps,
the lattor mizht have sufforad from an undesieable hammer,  The
difficulty was evercome at each place by the provision of a stand-
pipe open above, from which, as from a reservoir, the pnmps draw,

Tigs, 22, Plate 3, show the general arrangement of the machinery
ab stations Now 1 to 4, snd Figs. 23 at the romaining four. The
stations are brick buildings with corrugnted iron roofs, The
engines and pumps rest on granite bed-stones supported by brick
piers resbing in turn on s concrete floor. The pump-ends are
bolted down to the bed-stones, but the cylinder-ends wre allowed
to move fresly on expansion-rollors.  The preatest care was talen
in the laying of the foundations, only the best available material
being used; and so far there has not been the slightest pereeptible
movement in the founduitions of any of the twenty proups of
machinery. The lower floors of the engine-rotms ara of concrete
vondersd with eement morvtar, and the wpper or working floors are
of jarrah timber resting on steel joists. The floors of the boiler-
vooms are of eoncrete,

Mfcieney of the Machinerg.—The tests provided for by the eontract
were three, namely, (a) for the duty of the whols machinery undex
present conditions, that is, head low owing to ¢lean pipes sud new
boilars worked to full prossure; (B) for fhoe duty of the engines
nnd pumpE with steam at full pressore, bub the pipes throttled
to obtain ultimate estimated head; and (¢) for the capacity
of the pumps with the pipes throttled and the boilers worked at
25 lbs. per square inch below present full pressure. Tests of the
machinery of 12 hours' duration, at two stations fo be selected by
the engineer, were provided for, and the duty stipulated for was
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in test (a) 135 willion footelbs, for 160 Ibs. of lecal eoal worth
10,000 BTh.U. per pound, which waa faken as the aguivalent of
1 ewti of Welsh cosl ; in teat (1) 185 million foot-lbs, per million
British thermal units supplied to the engines und not returned
in ardinery working to the boilers; and for (0) the full discharge
with tho terminal effective pressura of tha low-pressure eylinders
not meve than 64 1bs: per square ineh, révolutions not mere than
25 per minute, and piston-spoed nob more than 150 feet per minube.

The atations choren for testing wers Neos, 2 and 8, two groups
being picked in the former and one group in the latter. Thres
separate preparatory tests were made fo aseertnin the slip of the
pumps, the resnlts being 0+ 6 por cent, et station o, 2, and 0+ 2 per
eant. at stasion Wa. B; and the respeetive plunger-displacements
per foot of travel were, anfter correction for slip, T-3645 and 147215
gallonis, The ‘conl in use varied slightly in quality, the ealorific
value per pound assigned at station No. 2 belng 9916:7 B.Th..
and at station No. 8, 10,058 B.TLU, The values assigned to the
epmbustibles found in the ash-pit wore 114657 BTh.U, and 11-142
B.Th.T.

The results of the tests were that in test (@) the duty per 1,600,000
B.Th.U., the assumed equivalent of 1 ewt. of Welsh corl, was 144-4
million fant-1bs. at station No. 2, and 1458 million foot-Iha. st station
No. 8. In test (b) the engine-duty was nearly 142 million foot-1ba.
wh station No, 2 and pearly 143 mullion foot-lbs: ab stalion No, 8,
In test () the eapacity of pomps par diem was found to-be 6,045,000
gallona st stntion No. 2, and 6,177,000 at station No. 8. In cach easn,
tharefore, the results attained wers woll over those contracted for.

V.—Pumring- anp Senvioe-Reszrvoins, RETiconaTiox, .

The reservois provided are intended for three different uses,
namely, to web ns receiving- and suetion-tieoks, to regulate Now
in the main, and for service purposes. There ara seven snchion-
tunls, namely, one at each pumping-station except the first, the
pumpe of which draw from the storage-reserveir at Mundaring.
Of the saven, all but one are conerete-lined tanks, of which that
shown in Fig. 24, Plate 3, is typical; the exception is the lurge
10-millicn-gallon reservoir at mile 77, which was built some
yeurs  previeusly for railway purposes and was  taken over,
as it is large enough to furnish a substantial reserve in case
of accidents wo the main or other works in the preceding porkion
of the schome. The vegulnting-tonls; twoe I number, ave also
conerati-lined and are much the ssme in design ns, althoagh smaller
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than, the receiving- and suchion-ftanks: That at DBaker's Hill
(mile 24) regulates the fow at what is (allowing for friclion) the
highest point on the lone and irreeular seetion between pumping-
stations 2 and 35 and the tank at West Northam (mile 36) not anly
reduces the extreme possible pressure on the pipes in the Avon
valley by 100 feet, but also permits of regulation of the flow in
such mnnner as to keep the pressures at o minimum in regular
working, The service-reservoirs are three in number, namely, ona
of 1 million gullons at Coolmardie, one of 2 million gallons at
Kilgoorlie, and the large one at Bulle Bulline, The two smaller
reservoirs are concrete-lined, and otherwise much the same as the
receiving- and suction-tanks above mentioned, being also provided
wifill by-passes so that in esse of nceident or necessavy cleaning the
warking of the sehomo need not be intermapted.

The main distributing-reservoir at Bulla Bulling (Figs. 25,
Plate 1), which Las s capacity of 12 million gallons, with an
aynilable depth of 20 fest, is rectangulir in shape (Figs. 26 and
aT), two of the sides having slopes of 1 to 1 for the full depth
of the reservoir, while the other two sides are vertical for a
witer deplh of 8 Feet from the top and theo slops to the bottom
of the veservair. The vertionl portion or wall vests on a hench
6 foot wide, from the inmer edge of which the sloping lining
is: urvied down to the bottom of the reservoir, The matorial
of the resarvoir-basin consists of induented elay, ironstone eom-
glomerate, and bands of limestons, the whole being badly fizsured
and pervious to water, and liable to disintegration and to slides
dug to greasy backs, The Authors expericnces of  éonereto-
lined roservoirs on the West Austeanlian goldfinlds hind Deen sach as
to show copchisively tlint corcvete lining, even 2 feet thick,
would emick when expeosed to the sun; amd, moreover, tho
custi of thick lining in o veservoir of this sizo would have been
exeessive, Tt was therefore determined to limit the thickness
of lining to 12 inches and to provide joints in the concrets
to tuke the inevitable: movements dus to expansion and  eon-
trnetion.

The concrete used in lining both flocvs and walls was com-
posad of § parcts of muchine-broken granite, the stones being of
4 mpximum size of 2 inches, 24 parts of sand, and 1 part coment;
all measnred by bolk, What is commonly considered the only
good class of sand was not obtsinnble nearer thun 40 miles
from she worl, and the cost of carringo. would have been heavy ;
but only 1 mile away there was found a very fine sand con-
eining O per cent, of clay, and 15 per cent. of very fine
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powidoery siliea, casily movahle on washing, The loam. combined
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with the oxtrome fineness of the sand (only 2 per cent. being
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retained on o 250-mesh sieve, and 81 per cent. on a 400-mesh)
did ot at fivst promize geod resnlts, but the mortar tests proved
very satisfactory, and in fact the briquettes made with this
sand (Tably XI11.) proved stronger than those mide with the
stundiprd sand, which was eleun, ecoarse, and sharp; the cemént
uspd for both sets of briquettes was taken from the same cask,
1% is generully considered that lowm or clay is always injurions
0 eement morvtars, but the results obtained in this instonce throw
doubt on the point, and confirin those obtained by Professor Q.
E. Sherman,' of the Ohio State TUniversity, which showed that in
Practically every case the substitution of loam and clay for o
corresponding quantity of sand inerepsed the stvength of the mortar,
The floor of the reservoir, 12 inches thick, was put down
i two layers, tho first or bottom luyer being B inches, and
the top layer 4 inches thick, In the ecentre of the bottom
lnyer, a grillage of barbad
wirg, spoced 12 inches Fig, 83,
apurty, wus put in, for
the purpose of adding
tonacity to the con-
crgto, nund thus giving it
Sregter power fo resist _
gracking under contrac- T
tion. The upper surface of PLAN
thp bottom portion of the
floor was purposely loft smooth, 80 as to allow the upper layer to
tlide thereon, By this arrangement, the top portion acts as a
filse floor, and any temperaturs eracks are not go lialle to con-
tinue into and through the bottom portion as would be the esss
with the floor built in one layer. At the junction of floor and
sides a bituminons joint, 6 inches desp by ¥ ineh wide, is provided,
The sides and walls ave also veinforced with barbed wires running
hovigontally and plased 9 inches apart. The sides and walls wepe
bmilt in sections with a bituminous joint bebtween each pair as
indicated in Iy 28. This arvangement effectually confined the
regnlta of contrection to' the joints thiemsolves, nearly gviry :lu]'_nt
Opening more or lesg at the fuces, while tha renmiginder of the
lining remuined intact. Seon affer Hrst filling, the reservoir,
much of which was bl in intense summer hewt, wis found fo he
lenking an the rate of 1} inch in vertical depth per diem; but

i Ewu':u'n-l_ ::'J-tmm

%
e
L 3

1 O Rffeot of Clay and Doamy on Comont Mortue,"  Eapineering Newd, 1008,
vol, 1 p. 4438 .
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instead of being spread in irreoular ereks all over the veservoir,
tha leaks wars conflued 4o the lines on which the above-mentioned
joints ocenrred: they were easily located, and were effoctundly
stopped by cutting out porticns of the joiuts to n depth of 2 ar 3
inches, epulking with oaleum, wund facing with bitumen and tax,

dutiowdation.—The oviging]l schems did net allow for any
retienlation of townships for domestie purposes, or of mining-
¢entres, it being only intended to bring the water to some high hill
—Jor inslance, Mount Buvgess, a few miles north of Coolgawiie
—and fio lay n subsidiery main thence to sueh situation in each
township er mining-centre as the local authority should choose for
ite servicerosorvoir.  Eventually, however, the complote vetionlution
of the townships of Kalgaorlia, Coolpardie, Boulder, and tho
Kalgoorlic Mining Belt, had to be undertalen ag part of the main
scheme, in addition to the laying of small pipes to mining-contres
nenr Coolgurdie and Balgoorlie; bub one or two of the smaller
townships, nnmaely, Wortham and Southern Crass; have installad
their own reficulation, purchasing water in bulk from the main
scheme, and retailing it to the eatEpRyeTs,

A sepurnte telsphone line for the works was lnid down betnween
tho hoad offien at Parth and Kalgoorlie. Tt iz of erdinavy type,
with one repeating station about half-way, and wns extremely
uspful during consfruetion, Conndetion is thus sectired hetween
tha head offies and the pumping stations, and, by means of ield-
telephones; with the maintenance-gungers,

VI.—Cost or e Works.

The actual cost, including all extras, contingencies, and estab-
lishinent churees, wis £2,000,000, an excess of £225,000, o 94 per
cont, on tho orviginel estimate, aftor dedooting from the latter
£65,000 for worlss which were allowed for therein, but were
not earried out. This ean hardly be considered a1 large exdess
when it is remembored that the orizinal estimate wus based
on tentative data prior to survey: but as o mottor of Faet, almost
the whole of (le excess is aceounted for by one dtem alone; namely,
prumping-plant, puetly dug to semewhas more water having to ho
pomped, paetly to the provision of mdre resorvo power for necidents,
and I:krga]}r to enhuneed cost per hovse-power, Low-duty engines
were originally allowed for at sn estimated eost of £29 per horse-
powar, while tha actinl eost of the plant installed was nearly £48
per harse-power, including Federal customns duly, spaves, efe. So
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lﬂhg a3 the consnmyption of water remains mueh below the ultimate
ot allowed Tor, and =0 Jong as ehogp losd foel (Grewool)
Temping available, the high-duty plant will nes prove as economical
A5 the low-duty and cheaper plant would have been; but the con-
ditione will b different when the full eonenmption 16 resched, and
Wihirntion of the mora vostly fuel becomes NECASSATY.

The total expenditure of £2,660,000 was sub-divided ns
follows :—

Et.:l:.-sgu—rr,wwulr', ineluding O miles of psilway-line, laod-comypen- =

gxilon and river-training works: (espacily of resorvolr being

4,600 million. gatlons, the cost i5 £81 per million palions of

stormga) . A0 e e 280,000
3“-‘!\1%- and hm..k ]erjm'u ra;-ur\-ﬂir:} of & t.t-LlJ capncity of

16 millisn _eultonu{tﬁ{} por 1,000 pallong) o . g B0, 600
‘(fuhdu.l; A0d miles lomg, wmolucing all wilves sod 5}1&0:419 {L,; 312

Papmdlel | = =a e e s e e - an g B70L000
]umlnnu- machinery, |r|n']u1'h:|1-" uroction, tregrht, 'I'mh_t‘.il un-i.unu,

duby and spares (nearly £48 por horse-poirer) . . . s 200,000
I'Jlﬂlr!ug atations, oxclusive of wachinery buct u_dm.lnnr 1lw. hurlrl

ings, employées’ quorters, suetion tanks, railvay-sidings conl-

bt e sl stmi-i{_‘..‘:ll[m homeepiwer) . . .. . v W s 140, 000
Telophinnu-lino aud other contisgeaneles &+ 4 & . .+ . . . 20, 600

£2,060,000

On the desth of Mz, O'Connor, in Mareh, 1902, the Author
succepdad him as Chief Engimeer, when shout one-half of the worlea
had been eonstructed. The progress was largely governed Ly the
necessity for testing the long lenpths of main between the varions
Pumping-stations as soon ws possible, and also by the rate at which
tha vilves and BI‘&Gi..l]h eonld ba abtained from England,

Ik conclusicn the Author wishes to express his obligation to
My, Willinm Coates Reynoldson for mueh sssistance renderod, M.
Reynoldson was the Author’s prineipal assistant on the schieme, and
8 now in charge of the works as Eneineer to the Trust which
Wes constituted by an Aet of the West. Australinn Pavlinment for
Wyintenance and mansgement of the works,

The Puper is accompanied by ninety-one sheets of drawings,
fvom which the illustrations in Plates 1, 2 and 4, and in the texty,
bnve Leen prepaved 5 also by an, Appendix fiom which e
follywing Tables have been seleeted,

[ApeExpix,
[ruw awsn. o8, vor. cuxi] B
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APPENDIX,

PALMER ON COOLGARDIE WATHR-3UPPLY.

[Minutes of

Tasus T.—Imeomaness ov Caromuerr-Dasm oF Heroxa Biver axn o
OTHHIE STREAME.

El'm"' River. Canning River
:11. Hila vlt Himumh':_r's
= 5 3 - TR i Sl
Yenr Aicve Welr, mﬁ‘;ﬁh‘:‘:ﬂf 5 nﬁ:‘;::“:“u 4| Reservoir. | Ontehminn 1}
Catehnwent BB Cmbchmont B | B Cnbeheap | SOtchment 2381 Square Mile,
Hyuinre hliles, l Bannre Miles, 10 Hquicee Miles, Squnrn hiflen,
i =
MU on Gl L, Lo Gmum.!nlm!un Gallons, hillion Gollona Milllon Gallons.
1845 3,802 Noracord | Nolrooord &, 6833 1382
1809 1,867 1,664 LAY No record 19
1500 9,638 5,408 1,210 " 2173
1801 1,403 2615 547 2014 0
18023 306 845 418 os g

P To end of Oelober only,
* Reasrvoir overflowsd 9 Heptemher, T893, and 28 July, |",‘,I-'_l1’.ij aond the water
thit went to waste s wof includel in the wbove figures,

Tarmn Il.—IsoHARGE OF Srasaoas envremso Movoawns Besenvolk
1 Jawuauy, 1003, w0 18 Atvagsr, 1103,

Araw af

Tokal Ciatoly- J
ok af G
af Qulck- w

Totad Dlwlinrpms

Hume ol Strenis. Paichment. | Blowsheds IHaeliarge. Of emell Group,
ding Unteh-
i b,
SynareMles, Boonre Mles Gnllone Godlons;
Greslcde. & = . 0 | VLG E'_*I,!i? - I]U: '
Plokering. Creek, 100 08, 046, 000 |
Rustyy Cronle . . o 13:3 262 186,277 000 | 246, 694, 000
Durkin Rivee . . . . 2600 234 924,000
Helen june
of Darky . 1o} 979-0 | 530:0 | 276,766,000 | 510,679,000
Palling diroeo fnt reser:
v sl on bulaneh of 4+ 10 83,460,000 (53,460,000
antishments i
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Tinee L —BAmrakl an Bremn GarDess, MuNbaixe asn YOuk,
vonr, | bttt latendaring  York. year, | et aupdaing)  York

LTS Tuielwei. Tuclies, Tueles. | Tnclies, Toches
1876 "IE}-"“. No Mo 15588 4008 | No record] 19-850

22 ‘”{ recerd ez 1580 46-78 | i @u-47
LEYT 20~48 » L3 1581 B R R Y 1519
1578 A8-7e " 1980 1503 F 3 e i T 1540
1578 41-84 " 12°00 1583 40132 40-75 2831
1520 3170 " | 1557 15B4 2372 28-44 10-098
1541 24-7H ‘- 14-85 1505 #9401 44-uq 1618
1882 HEVRL L » 11448 1586 i ) R 141 15=53%
1383 k1R ] - 29-al 1347 225 h-78 13-29
1664 $1-9d s 148-17 1BU8 qE 04 450 T+
ERES HH R S i o | Bttt 91056 aisah 1651
1R 2E490) - 14718 1800 625 | db=ER 21+10
1857 §7:52 " 1078 1401 A0-84 | Y570 14-16
1534 2783 iy 13- it LR 2673 26 1h 10 66

F To end of Outober,

Tasup IV, —Evarorariox ar Ponzg Opsggvarcmy, AxD ap
MupxpariNg Rusmnvaim,

July, 1001, toJane, 1902,

L 2 3 4
= ¥all of Water-Level Reservair,
Evaporationat | O T T S A
Monthe Perth

Olssarvabary. Fer Maonth, B Dy,

——
Vi idine Inchios, Tiiehes,
S and- T e e[ 178 0 (55
Anpuat 1901 S T % 1* 74 145 Qro47E
Soptember, 1001 . . . . . 3-80 2-80 0 0805
Oobober/ 1801, < & s v s H-a1 4-04 01493
November, 1001 . . + . . 760 45 0-2150
Disoamber, 1001 T ey 708 012684
Tasuary, 1602 , e 10722 5§58 D 2787
Febrygry, 1002 2 5 - | B35-35.T1 701 0 2504
Mlarch, 1902 AU B4 60 02235
sprl, 1902, | L 421 4-37 0-1450
May, 1902 . . B 2:27 1:90 0 U1
June, 1902, ., . "L 1+50 1+51 0 0604

Totudy and nyvermges a85-70 6621 '

e

Nore. —The e In column 2 woers furnished by the Government Astrono-

er s being (e los por diem in Perth,

Ll

Tl total of figures in column 3 for
4 months from 1 November, THUT, b0 28 February, 1902, was obtained by

hservition nt Munidnfing Welr a5 £ foon O inches, and $he firores for sich month,

St i columus 8 aud 4, were caloulatod iber

Tom: polumn 2,

i ab the proportion obitained

g
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Tanre V.—ARALYERS or Waren, Fenmragr, THHL.
Fastu par 100, 000,
: Anamadirna, Oxyren
- — e ; — labsorbed dn
Froo. | altmmingid,| 4 Hors, | Nitmites
Coolgurdie Resurveir . . . 0+ 008 0-0DaTH 0+=828 0018
Munduring Reservair: foot of dam | 02014 u-08 4171 - QodG
Mouth of Mo, 1 t“ruﬁk eotith side . | 0012 0064 =15 g1z
LUF}::EI:nf FESEIVOLE .-pl.-.»;:tc No. I}. 0-012 0-072 0-135 4011
e gfm"'{*“""““' 1000 yardst| 9.1 | o088 | 0-121 | 00082
|
TPanny VI.—Axaryses or Warer; May, 1803,
Ports per 100,000, Gralis pror Gallon.
| Hardness
ik, | | Q i HEY
SOy Fres a\.l'lu::mi::ulllub.:uy.[uuﬁ'l:! R'f:;b-"" Totul OHlsHne IAageGal.
IAanouiﬁ.' Ao, i H.\[::lllm. S bpaten; Sullda:
*Helenn Weir . | 0:004 | 0-040 | 04190 | 070145 | 27-db | 6292 | 7-0
No.2Tank . | 0008 [ 0040 | 00381 | 0011 | 2785 | Db 70
Balor's Hill Q-a12 0026 09171 | o-01aa | 8020 [ 10-22 7*a
Wo Northam . 02 | 0«02l | 0-148 | 0001481 | 28°18 | 10-08 | 75
*Cundendin He- . - = 5 R Vs .
ittt } 0-014 | 0-025 | 0-186 | 0:0166 | 24+64 | 10v22 | 7B
*No, d Tavl . 0-012' | ‘0026 | 0:120 | 0:01%0 | 23+94 | 10-2h | 7B
1
noB G008 | ‘0e024 | 0-11F7 | Q-0108 | 24-30 | 10-36 | 8-0
ine B % o | 0010 | De024 | 00108 | 0FO01EO |E5CT4 | TOA2Z | 50
TR S Q=016 | 'Q-020° | 0-100 | Q-0204 | 25-99 | 1p-30 | 80
T 8 4 i 0+008 | 0e018: | 0188 | 070810 | 24+88 | 1023 | B0
Dulla Bialling . 0=012 | ‘0020 | 0144 [ 0+0105 | 094 | 2023 | 840
Sgsbabpeatio | | s L bl e |
£t 0032 | D:021 | 00162 | 00158 | 28-27 | 10-22 | 80
TEalgoorlie He 5 . s _ S 1 5
Lo 0000 | 0020 | 0169 | 0-0165 | 22°06 | 10738 | 80
1 Ry
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Tapty VII—ANAfSRS o Wares,

EheTernEn,

O COOLCARDIE WATER-SUPPLY.

190

Prorba por 100,000, Grming
- — e
; | [ Gallom IEariness
L Fres  Albuminoid n‘h}:cyfg:i Nitrogen | "?‘:T;‘:’:‘”'
-i;'L[I'.LLI.'IUﬂI.h._ A . A Hzmm ‘r[l';wL |ﬂn|ﬂrlne.
Mundiring Keserveir . | o-004 | g-nes | 0-2 _- 00085 | 1005 | 6-3
No: 3 Recriving-tank 0001 0-0% 01 0 DOBE 11+1 )
B“;"I’L‘Lﬂ Hill R"’b“““““'}' 0006 | 0+03 | 0wn 0008 | 13°9| 80
Wn?nt.gf‘lnrl:hnni He : } 0008 (=098 -7 | 0009 114 §+0
Cunderdin nem-mh- i 0:01f | 04034 | 0-31 005 109 | 65
Ko, 4 Recolvlog-tauk . | 00002 | 0-08 | 0°08 | 00086 | 18:0| 75
. 4 woos | 07005 | 01034 | OtE3 | G-005 | O3 $:5
s B i A . 0+0L {024 0-14 I 0:0i1 10+8 0
el i P oe00d | 0403 | 0en7 | 0o 10| 75
w B " 53 Q002 0 Qg 024 0 033 4 50
Bulla Bulling Reservoir | 0:002 | 0-082 | 0-21 | Q0068 ses | 4-p
Conlgardia Resorvolr o | 0:015 | 0-0440 | 0-307 | 0-006 55| 3-0
Balguprlie [testrvoic . 9-018 | 0-03 0-4 a-01a 00 | 30
Tanre VIIL—ANsvaEs oF Wares, Deonmming, 1008,
I Partsy el 100, DD Healns
fC
| o Gallon. feroaa
Tt | Froa Athnoinaid u'l.iﬁx::#ﬂl N“‘:‘:.'Hm n’:;:::
A.nmm:u.n.-. Amimicnla, 3 Elnl:‘n:r: N Thinbei Chlorino,
Winduring Fesecvair | 0:010 | 0:025 | 0-920 | 0-020 e | 400
alerm, River, nenr B}'—]- O - 176 : 0+ ‘i
y fislde: erj el , = 0003 | 0-008 (0176 D007 | 28-41 | 10-0D
“I'T“"f;ﬂ Brouk Wi, } 0003 | 0008 |oo32 | 0-0de | 10-98 | -5
%.!ﬁh} Creek Weir, No.3 | 0008 | 0:017 | 0°104 | G004 |21-95 | 80
kin River Weinl g.001 | 0:011 [0-224| 0v00k | 702 3-3
Clinilerdin Reservolr . | 04005 | 0:018 | 0:283| 0-017 | 7-30 | 25
No. 6 Receiving-tank . | 04010 | 0°0080 | 00178 | 070017 | G20 | §-0
Togesk Rasarvoir » o | 0°008 | 0:025 | 0°167 | 0-02 7+82 | 48
Bully Balling: Reservoir-| 04008 0s02 | 0207 | 021 T=62 3-8
Kilpoorlie [eservoir , [ 0-008 | 00011 | 0155 [ o Bibd | 35

—
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Tantn IX,—AXALYSHR OF UnynrsT,

Composition of Cement.

= | |
Origin of Comant. oo and 3 | :
Siffen | Alnmibui| Time |Magnegia/ 00 _;'I'."-' f*""_ﬁ'-ﬁ“ Micdsturs
TN Fursly FarTan ﬂ]_ Anbyidride Auliydride A
AL, Sib. | Gl L

PurCont. [ForCu ut-ii'ur ContiPer Cont.| Perdlent, l Per Cent. [Por Donts
Serman cement . | 25061 -2 | 6427 0594 0= 0-11 D-45

W 5 Zeen | 8eb0| G062 080 | T-14 n=48 (AR

Englizh coment < | 25:11 [ 11030 | 60-81 | 0-81 | 0-76 040 Deda

i “ ofag | 11-97 l 80-17 | 1-02| 1-15 | o010 | 0:22
s ) 24140 | 12:10 | 81232 004 | ors1 | orp1 | oe22
= < 2404 | 11004 | BEc44 | 0-83 | 0-83 | 045 | 0'ma
& - 211 | 1200 ! 61410 | 0s08 | 0:08 | owaw | 080
i % 2371 | 1101 | 0208 ] 0-87/] ‘114 052 039
i = 9306 | 18+35 | 60702 u-ﬁur' 1:58 | 0-40 | 0ves
= - 24-11 | 12:50 | 81=200| 100 | oep0 | o0ea7 | o

Tapnw X,—Teste oy Tessmy Sreeyare oF Qiuksr,

Tonsile Stremzt]) per Squaee Tncl.
Numhaer
of Luyn Nunt Cementc | & Band nnd 1 Cement:
Slskocl, £ =
7 Daye 25 Toaws [0 Aapths B Alonths 1 Voar, r.? Dy 8 Dy, 0 ATonthel) Monkha
L. | Khs, | b, L. Ll L | Tbk:| Dl Lhs, Liw.
Coll| Hot
(1] BBV 671 TAO Q04 886 | 1,011 | 192 | 200
l.! BSEI TU2 THS - o - 178 | =207
8 =il < 780 943 /1,008
1 = gl B
N, Pl a0a O
L0l (e Bﬂﬂ‘; - | AR 5l o4 a0 _— WD
2562 by Slllli - | B3T i BOG &7

(e} andl (). —The dnking wie effectad respoctively under einditiong (2) sl (3)
withined in the Paper (p. 19),
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Tapre, X1, —ANavysrs oF Boms atoxd Rovre or Mars,

=% Lilisa o Car-
s [;n.ht.lrm _‘F‘nt.rll Sl‘g‘lium) hanin Humie
= Plnad. Bogorion, (Molmpe. = Total| SolubleOhloride) Anhy- | -0
rif {irgande Matoer [« NaCL | dride *
[Mnttor, Ok,
== [E— I
Par Tar Per Tet Tur Per
Cenl. DCeoil. | Oimt. | Cont. | Cent | Qent.
1 | Madde Septembior, IG5,
|
il Hm (ur } Alkaling | 4+76 | 68 | 045 | 0-05 | 0°16 | 0°2
2 H;neul-!:ﬂ[JIeu AR T E . cam | feon 2
R e e}} m 18:86 15205 0-26| 0-27 | 0-28'( 0-1
8 | Southorn  Croas) e e aral s . ;
(surisca) . } u lﬂdﬁlﬂ‘ﬂ =313 O:14 |-2:+B5 | 0:58
4 | Bonthert [:,'ruu |
(4 deet below ) 1t 10-38 [Th-901( D-T25| O-7 [14'8 Wil
ua.ui':tu- !
5 Erlnm}rhl.n (nul- Agid el ; . e (e ’
Py {mm}} 2:048 45 | 0-235) 0-065| 008 | 086
1] Bd\ﬁmhllIu{EfﬁEb Apedif 2 X - . i W
bolow erinoe) (Ruin) 3-087| 4-410| 0-188{ O+08 | Nil | 9404
7| Oopleardie (- | g | -85 | -9 [0-24 | 004 | 0-14 ) 076
8 ("'nrﬂg.ll.'r-h.-{ﬁ
foet bolow s " 2-249 §-47 | 0-08: | 0-08 | 0:15 | 0-18
facm)” o .
D Y(‘il.l':rﬂllll‘ {M.I.I.‘ a 1578 | 4-36 | 0<565| 0-0F | 0-163 0-43
10 Yullumhuu {:
feat, Lajow wu -f Alkaline | 862 377 | 1-9° | 0-04 | 2-08 | 0038
fruez L.J e
Made Doeomber, 15853,
11 | Yollowdine Salu)) I e R
bk ['i“‘r'f'w"l} 4 810 | 52T | 4+0V6[ 8+6 | 0050 | 0-18
12 | Yollowding Sl
Lake (l Ieut.} " 9-82 | 5-024 4:97 | 4-3 0+168) 0-12
befow surface)
13 | W,  Conderdin
Cluy Poan (sur- - 0352 2:200 | 0278 0409 | 0-44 | 0+30
e} o
14 | W Gumlﬂnh'u
Clay, Pan (2 . Hral g : : i
fent bl St - G+086) 7-072 0805 0-@ | 0-62 | 0+02%
fane) |
15 | B C‘um‘]mﬁm
Sand Pluin i 1849 | 2244/ 2-485 | 0708 | 2:50 | 0-38
(Burface) . .|
16| B Cundindin |
Sand Plain (4 wig A Bept 5 . .
foot below sur-f| " 18+38° | T+422 2-67 | 0-08 | 0-467 0:3b
faoe) . . L) | |
1 |

Mors,—Mostore estinmled on soils ad peceived, ‘Ouber estitostions mnads
o wintersfroe samples.
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Tasre XIL—Toers or Bietcmous Pinoss oF Lockisa-Ban Pires.
. HMumber of Plores Averagy Breaking-atoess of
Kumlirol | Thicknoss “‘l:'l-iﬂ_ﬂ'. of thnd Failed. Plite of Ploses whileh Failad.
Pieces of Metal 1"“"-5“_ o - -
i WP Liieat Foot| Tn the I In the s by =
Todiine-Bar  Finie, | Loclking.Bar, i
i { Tons pire Loy
RGN U_-ﬁ' He, Tobhe 7 (T 1
194 4 i 60 a1 103 260
134 1 i a7 84 b 243
g i 7 . 5 2% 2578
al ok £} 0 b 3-8 25=7

Tauuk XIL—Tsrs oF BEIGUETres MALE VAOM STANDARD SAND AND VROM

Basn maen yor Bimes Brooma Ixsenvom Concngrie.

(% Sand to 1 Cement,

Hreaking-Stro per thxm Trch.

T Thaya. I 28 Ty ! i Montha ‘ O Manths ‘ 1 Yaar,

| L, L, Lbs: T, Lha.
sand, i used dn resorrolr, |
mmhd_uilag O per cont, b 240 356 | 410 460 522
T S
Mepn standard saned : | 158 25T | #13 a1y it




Procomiings:] DISCUSSION ON COULGARDIE WATER-SUPFLY. a7

Disoussion.

Tha Prgsiperr movad a cordial vote of thanks to the Author For The President.
Lis Paper
Mr, J. Camnyrirns observed that the Paper was so completa that MCartithess

little eomnld ba adided to it. The mosh strikine point about the
undertaking was the pgreat eourage of Bir John Forrest and his
Government, in undertaking so unexampled & work; especinlly
when it was considered that in Western Australia, as in nearly all
thie Colonies, and even vearer home, things proposid by the Govern-
ment wers made info political guestions, and were attacked with
grent vigeur by the Opposition. The proposal to pump water for
450) miles nafurally offered an excellont oppertunity for such
atteck, ond of 1f full pdvantage had been taken.  Not only had the
scheme heen eriticized as & whele, and the advisability of earpying
it out been questioned, bui throsghout the whole construction of
the work the closesh watelh hod been kept for any oppovtunity
of aftuck uponl the methods of eavrying it ont. When it waa
rememberad that, in L-]n‘hn of all this, practically no fault could be
fomnd with the execution of the work from beginning to end, ha
thought there whs good evidence that it bad been curried oul with
great enve and skill.  The principal ervedit for that must be
givon to the Chief Engineer, the late M. € ¥. O'Connor. Bub
the allest chief could do little unless he was well supported ; and
the ‘caraful and skilful munner in which all the detuils of fhe wark
bad heen designed and earrvied ont by thoss in the Colony retiocted
the nwtmost eradit not only on My, O'Clonner pnd on his suecasgar,
the Author, Tmt on every officor of the Public Works Departmant
of the State, Mr. O'Connor’s estimates and proposils wers raferred
to a Commission, eonsisting of Mr. Tescon, Professor Tnwin, and
Mr. Caxruthers.  Mr. Mephan Ferguson's invention of the locking-
bar pipe was then in quite an experimental stace; 18 only o few
short pipes had Leen produced by his methed, and thess had heen
wade by hand. Tt was vncertain whether the machinery could be
wade for manufacturing pipes on a commercial scale ss woll us
they were made by bhand; snd the Commission, while veeom-
mending the Government to approach the inventer with a view
b_o nxperimenting in that direction, assumed in the meantime
thnt riveted pipes would be used.  On wecount of the rreat length
of the line and the enommons number of vivets that would he
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roquired, there wos every expeetation of o great deal of leakage,
and the Commission recommended that the pipes should ba laid on
the smriace, so thut the leaks conld be seen and eanlked a5 they
cceurved,  That of course necessitatad the use of expansion-joints,
sl somie experiments woere made to find o gond joint for the
purpose.  One, made of full size and thoroughly tested st Messes,
Piggott's works in Birmingham, wonld have heen quite sanisfactory ;
but in the meantime Mr., Forguson had actually completed the
mnchinery, and bad made pipes on a commerciu] seale with en-
tive suceess.  'The IIi[J{"H 1‘.0['0!-"€EEI to ba E.'CE‘:B[[E.LIt, and thor uge =0
lurgely: veduced the riek of lealkupe thut he recommendsd Mr,
MConnor to pul the pipes underground, except across the Salt
Linkes ; and—whether asting on that advice or on Mr, O'Connor’s
own initistive—that had been done. The eost of the pomping
machinery hud greatly vrecedod the original estimate. His original
estimate was o rough calenletion of the cost of crdinary low-duty
pumps; but when he received instructions to prepure spectiea-
tHons he was informed that the fuel would be coal, amd that it
would eoat 322 per ton.  That put low-doty machinery guite ont of
court, and the specifications wers dmwn with the view of getting
a very high dufy, Aloub that time there wis a rush of worle in the
mechanical world, se much so that nota ton of the 70,000 tons of
stesl plates requived forthe pipes could beobmined in Fogland. Hae
visited the prineipil pump-malkers on the Contivent, and found they
were 80 busy that many of thom declined to tender, ss they could
ot nndertake delivery within o reasonable time, e then went to
America, and found half-a-dozén makers who wers eager to securp
thi contract,  Bub theyemtorad into a combine, with the nsunl result
of maising the price. T'he English makers were not influenced
towards low prices by the fact that there was & combine in America,
and that the German shops were all full, and their prices also rose,
Ouly ono English firm, Messs, Jnanes Bimpson and Company,
wonld tender For the whale of the machinery: two or three other
firms tendered for pnehalf, but not ona of them would guaruotee
anything like the duty that Messrs. Simpson offered ; and with
coul ut 32s, per ton he looked upon the high duty as being wery
important, tnd recommended the Government rather to pay more
for high-dnty engines than to take low-duly tngines i o lower
price. The duty actually cbtuined, 143 million foot-lbs. per
1 million BTh.1., was so goed, that he thought & more detailed
account of how the tests hud been mnde would be extremely
iteresiing,  In Amerien, Messrs, Snow jnuld Companiy, of Buflalo,
had wade for the Indianapolis Water Works Company o tlres-
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trank, triple-sxpansion engine, which had given o duty of 150 arcarruther
million feat-1bs.  "hati result had been received with o good deal

of scepticism all over Amerien, aithongh Mr. Carruthers believad

it was correéet, for the teste had been made by a very able experi-

mentor, Al the sume time, the result obinined by Messrs, Simpeon

wis carfainly a vecord for engines of the duplex clpss,

Professor W, €, Uswiw congratulated the Aunthor on the success- prof. Towin
ful eompletion of some very remarkable and large works, If was
cortainly a novelly to pump water not only to a considerahle
clevation, but through a pipe-line 850 miles in length. He had
recently Lind a letter from his friend Nr. Clemens Herschel of
New York, who mentionsd tlst he belisved sight Venturi metors
were placed on thoe eight sections of pipe-line, ind thought that
ought to be mentioned in the Paper. It would be inferesting
to know whether muel use was made of those meters, and
whether they had proved serviceable in mensmring the quantities
of water, No doubs the Venturi meter was a very useful mesns
of detvrmining the flow through & mein,.  When the entive scheme
eirme hefore the Commission in London it was said that the whola
of the soil through which the pipe-ine would run was impregnated
with salt, and that it was slmost impossible Lo place & (hin steel
pipe under the surfeee soil without ineurring the visk of extra-
ordinarily rapid corcosion, The dangér wasg thought at the time
to be so considerable that with great relnctance the Commission
ware driven to the eonelusion that it wonld be better to rocommend
the plucing of the pipe-line above pround. A secondary resson
for that course was that they did at that time consider that a good
deal of the pipe-line would be of riveted work. From what e hnd
geen o Americe he vecognized thatin relntively thin stecl riveted
pipes the cocurrence of a lnrge number of vory small lenks—incon-
siderable in themselves; but viry tvoublesoma in their aggregate
effaot—was probable; and that in such a length of main they would
ba s gevious avil. By plicing the pipes above ground, small leals af
the vivers and seams could bBe dealt with without digeing to find
them and ineurring conziderable expense. Apparently, after the
Conpmiszion had reported, the scave aboub salt in the soil sub-
sided, and it was eventually vightly decided to place the pipes
underground. At the same time, the Commission, he thought,
thid work out m plan on which an overground line of pipes
would have been guite successful. In a climabe like that of
Australia, the guestion of expansion Lecame serions for un over-
geronnd lne of pipes; but he thenghn than, after a good deal
uf testing and examination; they had found o perfectly suc-
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Prof, Unwin. cessful form of expansion-joint. As fo increasing the thickness
of the pipes beyond what the Commission recommendad, it should
he borme in mind that although it was quite right to do that with
pipes nnder gronnd, it would not bave been so necessary if the
pipes had been above ground. The Commission unticipated that
thers would bha means of absolutely preventing any exgernal
corrosion of overground pipes, On the guestion of corrosion he
might mention that thin stesl pipes made with the locking hor
were being useld on the gas-maing for the Mond gas-plant at
Dudley Perf, whers an expedient had besn adopted which secmed
to be exceedingly good. The pipe was first dipped in asphals;
before the asphalt was quite dey o strip of canvas was wrapped
over the whole length of the pipe; and then the pipe was dipped a
second fime: It was notb exl‘.-nau_-;ive1 snd it was an exccllent Wiy
of securing an adequate permanent protective covering to the pipe,
not likkely to ba chipped, or broken, or eracked. When the Com-
mittee sat, a few specimens of the loeking-'m_r pipes mada by hanad
worg befors them, some of which were tested for strength: and
four out of five of the pipes broks in the selid plate and not at the
jommt. The Committes spoke excoedingly well of them in their
Raoport, butithere was no evidenco wb tho time that their mannfic-
ture on a large seale was possible, He was very glod that through
the elall of My, Terguson the diffienlties of mannfocture had been
quite overcome. he pipes. wern mannfactnred with the grentest
ease and were exceedingly satisfactory. They were smoother for
the purpose than riveted pipes, und much stronger. As Iar as
stréngth went, they werg as good as welded pipes; and in faet
there were some diffeulties ahont welded pipes which were
altogether avoided with locking-bar pipes. With regard to the
ute of Kubterls formula with o coeflicient of roughness of 0:-015
in determining the resistencs of the maing, in the first place, for
many years past there had been o strong tendency among some
engineers to have recanrss to Kutter’s formula, which was purely
empirvienl and very complieated. T8 had no  sidisfoctory baosis,
even for the case of rivers and eanals, foir which it had been
devised, Tt was jow known Bl to a certain extent the farm of
the equation had haen determined in order that it might bo made
ta fit cortain experiments on the very large stream of the Missis-
sippi, with wery low wvelocities, which would not fit in well with
any otlier fermuli But it was nlso now knoewn that there wus
strong reason to deubt the acewraey of those experiments on the
Mississipipis and therefore the oné thing that determined the form
of the equation was wnssiisficlory,  HEven in the cuse of canals and



Proceedings,] DISCUSBION ON COOLOATUTE WATRER-BUPPLY. BE

vivers, the testing of the formula, in comparvison with others Prot Unwin.
derived from river- nnd canal-measurements in Germiny, Tid not
shown that it bad uny particulir advantage ever much simpler
formulas, Looking to the faet that in vsing it a coefficient of
roughness had always to ba aswomed, whieh had o great influence
ovar the results given by the formula; it appeared tio him vo have
no advantage over simpler equations in which there were various
coefficients which must be selectod—cosfficients which did ot
vury so much, and in regard to which there were much hetter
data. Agasin, the coeficient 0-015 had been faken from the ex-
periments of Dlr. Harsohel an g 48-ineh mnin in the State of New
Jersey. Ie believed those experiments had been wmade, with the
grentest: possible cave, with Venturi meters which he entively
trustad ; bat the vesnlts wera so anomalons that he did wot think
they formed a good basis for proceeding in any guestion of that
kind. M Hersehel luid the blame on the theory of hydreanlies;
but it seemed to Professor Unwin that it was not the theory of
hydraulics which was at fanlt when, in the same main, sf no great
intervels of time, the flow proved to be widely different. On
going into the question in America he bad come to the conclusion
thint there must be in that main some ciuse of varintion of the
flow whicli was not properly understacil, Mr. Hevsehol attributed
it lavgely to incrensing ronghness of the main with Lipse of time;
but: Professor Unwin could net conceive such incresse of romgh-
ness, in the shart peviod coversd by thoss experiments, as wonld
account for the variations of flow actually found. His own con-
viction was that there must be at times obstroetion o the main,
either from acenmulation of air, or from prowths or deposits which
had not been discovered,

Dy, Guoror I, Deagoy vemarked that, ng o member of the Brtish Dr. Dencon,
Engineering Commission appointed to report upon the subject in
January, 1897, he had some knowledge of the remarkable work
deseribad i the Paper. The position of the reservoir was exactly
the reverse of thet of all reservoirs in Fngland, and of most
reservoirs in other parts of the world,  'While it was an impounding-
reservoir, it was situnted ot the bottom of the distribubing system
instead of at the top, The catchment-arvea to that Teservoir
was no less thun 364,160 scres. The Table on p. 10, taken in con-
Junetion with Table 111 of the Appendix, was sstonishing ' the
English hydrulic engineer, as would be shown by & simple com-
purigon with the basin of the Thuames, Taking the minimuam
year—Dbeecanse that was the year with which hydranlic enginesrs
wers most concerned—the Thames vainfall was 21 inches and the
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Dr. Dencen, Holeana Biver vainfall 19 3 inches, while the dischargs in the former
cnse wos 4187 inches and in the Iatter ease 0-38 inch. TIn other
waords, thae Thames arvea dischorged i the minimum year 20 per
cent. of its rainfall and the Coolgardie avén 0-2 per cent, That
was certainly a striking diffirencs; and the hydmualic eogineer
acgustomed to disclinrees in temperate climates had much to learn
before he rl-T'.-‘ﬁF}'II'I[jt&L'] to deal with Jimﬂn_._rge-s in such i rngin.u ns
Coolgardie. e failed to understand the observation that it bad not
been copsidered advienble fo emise the reservoir-wall beeanse the
dingram of epavities (Féy. ) showed that the limit of economy of
the site had already leen rvesched. It seemed to him that the
diagram of enpacity showed precisely the oppesite. LI the curve were
extonded to show tnother 10 feet depth of water, the reservoir would
apparemtly eonfiin 40 per cent. more water. The romark might
have been intended to vefer to the deainago-area and to the diffi-
culties of obtuining more water, and in this cise it might have been
trune; but as they stood the words were open to misapprehension.
The bacterial action going on in iron pipes was o subject in which
he lind taken eonsiderable interest, It was sugpgested in the Puper
flint the annerobic action in the stormge-reservoir ol Ooolgardie
had producod o markeéd improvement ¢n the quality of the water,
e wos unable to speale from experience of an ngueduct 350 miles
in length, but in the case of an aquaduet 60 or 70 miles long he could
sy bt it was not the anaerobic aetion but the serabie netion which
had an important effect. It was a mistake to suppose that bacteria
could not get enough air for all their purposes in a very long pipe.
Although the aprolie niicobes Tell off towards the end of 70 miles,
thers was sl enough oxyEen to support great multitudes.  Thok
was gquite obvious, and Ls hopal the Auther would state whether,
and to what extent, anaorobic action had been shown to oceut.
He would draw attention to the Author's observations npon tho
smooth sorface for the passage of the overfiow water down the face
of the dam, and to the Fuet that the wator clung perfectly 1o the
whole wall-fuee while descending. The idea of the Paper seemed
to be that it was desirable, when the water had once prussed tho
erest of the weir, to geb it o the bottom of the dam as quickly as
possible.  I6 seomed to him that presiscly the opposite was the
proper course—that the water ought o he kept in the air as long
az possible; and be broken up and turned into spray by contact with
the roughest possible musonry, in order that its havmful energy
should be reduced as fur as pesgible.  The dam being 100 feat high,
the velocily af tha bottom of the stesp smooth slope must he very
considerable, Tn his own practice he Lad endenvoured to reduce
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the welocity of tha sater as much as possibls, not by menns of Dr. Deicon,
dressed sills or ledges, but simply by leaving the stones as rough
g possible.  Thus, at the Vyrnwy dam, for which very large stones,
weighing sometimes as much as 10 tons, had been ayailable, the
projection of the rock surfuce beyond the dunfi-ling offen axeoeled
I foot. There, oven in the growtost flood, the wuter nover reachad the
bottom at high velocity ; the impression created, on the eye ab any
itp, was thit there was no such thing as salid water at the
bottom : it was perfectly white spray, which spread out from the
dam over the pool below—the water-cushion as is was commonly
culled—the whole surfaee of which was disturbed by the falling
of the water and entangled air for 50 or G0 fest from the base of
the dum. That seemed to him to Lo ihe proper sourse, aud le
hud adopted it in othor enses. Mo did not know whether tho
Anthor had any particular resson for not showing the sections of
the dam to a larger scale, but it seemed desivable thas the
Puper should show the axset section ot the woenkest place, to such
a seale thate it eould be measured,) He observed that the sectional
area of the base of the dam below ground was much preater than
that of the dam above ground, and alse that puddle had been used
in tho fuwes of the dam agninst the foundstion. Paddle implied
tliy, and if thers was clay there must Lave been earth; therefore
he asked why an earthen dam should not have heen econstrneted.
He had just finished an earthen dam 108 feet high, across a valley
whose genernl dimensions were not unlike those of the Halena
River site, and the cost of that eprthen dam must have been very
mueh less than the cost of the econcrete dam. Thers were
numerons examples of quite permanont earthen doms of ihe sune
kind, up to about 120 feet in height. Tn such a worl the strocture
below ground —merely a puddle trenech—was comparatively insig-
hificunt in eost, but in evary respeet ng safe as the enormous thiek-
sz vequirad for the foundations of a masonry dom.. He was nofs
decrying masonry or concrate; he had every rveason to do the
contrary ; bub he thought that o site where such a depth snd width
of foundation were required, where the height of the dam was not
much more than 100 feet, and where earth and clay could be
obtained, was net the proper place for a musoury dum. The
Author gwve the frictional loss of bead in the pipes ultimately
idopted a3 2:25 feet per mile when pofectly new, and soid it
Wonld not continue to be so small, Calenlations, upon which the

! The Aushor has Idodly undermken to furnish o areeseale sestion of the
v, go T placed i the ey, —Sue, Boia, CUE,
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Dr, Dencon. tonciusions’ of the British Oommission had been based. and which
haid Besn made principally by Professor Upwing lad given the
loss of hiead as 2407 feet per mile fur lap-welded pipes, including
& smoll allowance for inerepsod rusting, A large allowanos had
nob been thowght nicessary heeanse, the pipes heing of steel, it was
pussible to proteet the interior mora perfectly than if they wero of
east iran, unless the fettling was much move perfoct than was
peunal in east-iron Pil’}éﬁ. e was unshle to follow e statements
in the Paper as to © oviginnl ” enleulpbions and the use of @ Kuttirs
formuls,” snd in another placa the reforence to “ older accepted for-
mulas”  The British Commission had made use only of coefficients
obtained in the most vecent and trustworthy exporiments applied
in Hagen's formula; and, with proper allowance for deterioration
of the interior of the pipes, tho tests given in the Paper appeasred
to bave amply justified their conelusions. The Uommission hud
spaken favourably of the locking-bar joint, and recommended o
trial of, say, 1 mile of 30-neh pipe; but, in the abssnee of oxpe-
rience, bhey had thought it would net be desirable to risk adopting
the new process for an aqueduct 350 miles in length, It wns a
most fortunete elreumstance that experionce lud been obitained of
10 wiles of 20%-ineh locking-bar pipe put into nse in South Australis
between the dato of their veport and the ssttlement of the question
for the Coolgnrdis main, Tle was-excesdingly plessed to find that
the joints had proved satisfucbory. Tha loelking bar joint solved,
and lis hoped would eontinue to solvs, the very seripus difficulty
which arase in vivetsd pipes from frietion and leokage ; as the joint,
it earefully formed by proper machinery, was eapatile of being
made absclotely water-tight, It did uot appesr from the Paper
thatany portion of the 3 per cent. loss by lonknge wis due 1o the
joint; the whole of it was due either to evaporation from the veser-
.Vlﬁl"SO:r to lﬂuku.gu From tho lsud ju]__uts. Time did not allow of
discussing  the gquestion of thin stes] pipes versus the ordinary
anst-iron  pipes, There woere undoubbedly placss in which thun
steal pipes wust be used or none at all, and the ease under
comsideration was probubly ene of thoss, e felt ecompelled to
strike u note of warning against the imitution of such exceedingly
Light eoncrete walls and floorsas those of the smoller reservoirs,
By reducing expansion aud contraction, the barbed wires wmight
ratavdl the visible detaricration 3 bub in sush thin work they eould
only retord i6.  Howould ask why, in a district where the cost of
lnnd wus of no importance in rélation to the cost of building, the
cirenlir form had not been preferred ty the réectangular form for
such reservoivs, In relution to ils enpucity, u properly designed
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Teservoir of any given materinl was much cheaper in the eireunlar
than in the roctangular form.  In the eivenlsr form the ambonk-
ments kept the walls always in compression, wherens the faee of
A strnight embanked wall was subjest, as the water rose and fell, to
viry irregular stresses, prodneing sometimes even tensile strnins,
which, combined with temperiture strains, quickly led to disintegra-
tion, unless the walls were wuch thicker snd stronger than the
Civeular form demanded. In conclusion, he would point out the
genarnl feibures of this very remarlable seheme,  The daily supply
was the comparatively small quantity of 5,000,000 mllons—or
2,600,000 gollons when including all water used on tho way—
obtained by impounding the fow from the relatively enormouns area
of 364, 100 aeres. The whole of the water had to be pumped to an
altitnde of 1,290 feet at o distances of 308 miles [rom the ressrvoirs,
from which point it geivitatad to Coolgaredie, o furthor 233 miiles,
ind spiin to Kalgoorlie, making 4 total distance of 3813 miles,
whigh was more than double the distance that had ever been
Proposid in any rational sehome for London,

Dre. A, W, Brriomrsone observed that, as the subject of masonry
dams evopped up in the Papor, he wished to make a fow remarks
onoa gquestion which was: of interest ot the present Hme; namely,
whether it might be expectod that there would be tensions in
vertical planes near the outer tos of a dam. OFf course the actnal
Stragses occnreing in o dam eould mok ba ascertained : but it was
possihla to ealeulate what those satresses would be on certain
Sesumptions. Tt had heen nsual hitherto to assume that the normal
Hresses on a horizontal plane would wvary uniformly, that was,
gemm;]]} spoiking when the reservoir was full they would be very
unrly zero at the inner toe, and would inerense bo w muximuon af
the outer toa, The question arose, how the horvizontal throst of the
Weter was vesisted,  If it was resisted by foress which were propor-
Honal to the normal stresses, then the result would be the condition
GE thmg‘i ahown in Fig. 29 {'Eu hﬂ:l, mmml}, that tha reaot u1g 13 P EI=T=TeT ]
wonld be parallel to the vesnltant foree on o hovizontal plane. Of
npse that resultant foree would be the resultant of the weight of
the dam and of the pressure of the water, I thal assamption
Might be regarded asa near approximation o what ne ..t'..r.l]y neenrred,
it would be easily seen that thers wonld be no tension in a mrhml
blame wear the outur too; for it would be notiesd that if the small
Biingle near the outer tos which wis bounded by o vertical plane
Was (_‘orlsulered the forces acting on it would be the stresses on that
“ertical plane, t:he reacting stresses on the base, nnd the weight of
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that small triangle. The resultant of the reacting stresses would
set somewhat above the centve of that vertical plane, but the weight
of the small triangle would bring the resultant fores on the versical
plans, to some point marked € in the Wigurs, which would he very
venr Lo cenire of that plans. Tt had been sugaosted that the thrust
of the water was not resisted by a stress which was proportional to
the normal presure, but was resisted in much tho same WOy 88 in
the section of a benm:  Ho did not ses any justification forsuell an
assnmption, hut if it were true, it was evident that most of the
thrust would have been resisted befors coming to the outer toe, and
therefore the rescting forees on the hase there would be more
vertical, and the effect would be that the resultant scfing on a

Fig. 41, Py, 80,

vertieal plone, shown in Fig. 30, would be more nearly vertieal; in
that case some tension might be contemplated, beenuse the resultunt
foree on the vertien] plane might quite well be outside the middle
third of that wortioal section. Tt wag all & guestion as to what
nssumptions best represented the actual conditions, It uppeared to
him that the old sesnmptions should not be abundoned until it hod
boen ehiown ‘that some winkness existed in designs which had bean
elnborated on their basis. So far as he was awars, such wenlknesses
25 bhod shown themselves in masonry siruetures could all be
explained on the existing assumptions, and therefors he considered
no departure cught o be made from those assumptions until it was
proved that others were worthy of more confidence,
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MMr. Mavnics Frrzmavnion vemnrked thaty considering the dis- Mr. Fite-
tangs over which the pipe-line extendesd, and tha large amonnt of g IS
monoy expended, 5 years wns o short time in which to completa
the work. OF conrse it could not heve besn completed in that
time if great help had not been oblained from the raflway which
viin alongside ; still, the success could emly have bsen achieved by
great forebhought and orsanimtion. Considering, also, that all
the punmping-plunt, the pipes, tho coment, ote, had bad to come
from England, Amariea, or Gormany, there had been more than
ususl good fortune in regard to delivery. Those eonnected with
tha works could peint with some pride to the fact that the esfimate
lind beem so little exesedad. While, however, tha engineering
estimate bad come out sy satisfactorily, what might bo called the
vesult of the vomwmercial estimate was not quite as good as luud
been expectod. Ha undarstood from the Paper that the amount of
water which could ba delivered by the works was about 5 million
gollonz per day, while at the present time only about 1} million
gallons was acbually weed. SBuch a ratio of water vsad to water
available might be wvory satisfactory in o city or town with
an assured future, but he did not quite see that it was o uf
Cwl;,m'llw. Three schomes appeared to have Leen considered—for
1 mallion, & million and 10 million gu.“uuh por day, respectively,
If the first was worth eonsidiation at all, it seemed rcather
eurtous that o jump should hawe been made to so much ws §
uiillion g&ﬂuns, and axtraumi)' fortunate that the third seheme, for
10 wmillion gallops per day, was not adopted, Although the
Authey might Be able to give some oxplination en that point, it
seemed as if there bhad been a considerable waste of money.
Perhaps the Author could say when the 5 million galluns per day
wonld be requived.  Mr. Fitamauries also desired to know what the
present price of water was on tho poldficlds—whether it was based
on the priee given in the 5-millions estimate, which he belieyad
wius something like Ba Td. per thousamd mwllons as-a maximam, or
whather it had béen hased on the l-million estimats, Assiiming
3% per cent. interest on the capital of the work, and 31 per cent,
Lop dopreciation, af sinking-fund, making 7 per conf. albogether,
which was very moderate, it would be found that the capitul
expenditure alone per 1,000 gallons, on the present smmount of
water used, vane fo 8, without making any allowance ot all for
working-expensoes, Liks Dy, Deacon, he' had rather hesitnted 4o
secoplt the figaves for the off-How from the area, Hé undevstood
that the aunticipated yisld was 3 per cenl. of the minimum

rrinfall expected, but that as o mafter of et only 02 pav cant.
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had been obtained in the year 1902, Immediately afterwards the
Author spoke of the guestion of raising the dam. Was the
Author afraid that if the reservoir was filled it would not be
gufticient, or was he afraid it never would be filled? Mr. Fil-
maurice had not been able to gather from the Paper which of
these alternatives was feaved. If the Table on p. 10, which
gave the rainfall and the yield for the years 1BA7-1902, were
extended to the years 1903 and 1904 —during which period he
understood the resérvoir had been full—it would bLe of consider-
able interest, He could sympathize with the Aunthor in regard
to the site chosen for the dam, and quite nnderstood what his
feelings must have heen when he found, after going through a
considerable depth of solid granite, that he had ouly gone through a
benlder, Mr. Fitzmaurice had had a siniilar experiencs: after
going through 10 feet or 12 feet of solid granite, he had come to a
spuce aliout & inches deep pactly filled with very coarse eranite
gravol. OF course there, as in the present cuse, sich procautions
had been taken that there was no danger of any damage to the
works from that canse, the works having always been curried to a
great depth below any broken ground of thut sort. He desived
also to know whether any other diffionlty had been met with in
dealing with the foundations. He noticed that it had taken
about 18 months to gt out the foundations for the dam, which was
800 feet long, and the Author stated that none of the masonry was
commenced until all the excavation had been got oub. He did
not guite understand why that should be. IT the treénches had
heen taken out to the final level as the work went on, he thought
thie masonry eould have been commenced and earried onat the same
time ; and he would therefors ask why thers had besn delay in
starting the concrete until the whole of the exeavation was
finished, The dam, howover, was not the key to the situation, and
the delay here had not done the work as a whole any harm.
Judging from the amount of cement used, there appeared to be
about 50,000 eubic yards of ednerete in the dam, which of course
was mob A very large amount: reckoning 26 years for carrying
cut the work, it meant about 20,000 ecubic wards per annom.
Ha also wished to know why conerete had been usel in preference
to mwsenvy, ITad it been thought that concrete would make
a bettor' dam, or was it cheaper? Hvidently it had not been
adopted to save time, With regard to the pipaline, he was not
quite sure whether the reason for the pipes being laid underground
eventually—the oppesite of the recommendalion of the Englhsh
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Commission—was the fuct that the riveted pipes were not unsed, Mr. P'El;:
and  sonsequently thers was very Littls lsnkape, or whether
the information given to the Foglish Comuission in  the
fivst place, with regard to the amount of salts in the ground,
was found to be nmot guite correct, and that ameount was much
less than was anticipated. He did not quite understand from
the Paper whether expansion-joints had been completely aban-
doned, and no allowance whatever made for ewpansion, If
any expansion-joints had Lesn used, it would be interesting to
have u skotch of them., With regard to the rate of laying
the pipes, it the rate of 1% mile per day had been maintained
during the last 3 months, it meant that about 30 per ceut. of
the pipelaying bad been completed during that time. Ho
congratulated the Auther en having made very rapid progress
in that final period, The service-reservoir seemed to be rathor
gl in proportion to the lnrge reservoir, It appearsd to eontain
anly 2% days" supply, which did not ssem much, considering
there was only one sapply-pipe. It would be interesting to huve
the eost of tle work more subdivided than it was in the Paper, so
adto give some iden of the cost of the sctual dam. The Author
lilml_led. together railway-line, land-compensstion, river-training
warks, and veserveir.  The statement thet in practically every
¢nan the substitution of losm and cloy for a corresponding quantity
of gund incressed the strength of mortar seemed somewhat too
sweoping and indefinite, ns no proportions were mentioned, No
doubr in some cases o certadn amount of what appeared fo be elay
might incéreasze the value of mortar. BSome years ago Mr, Fitz-
mgurice found that o large number of briquettes mado with the
dust from whinstone gave much befter results than those mada
with smandard sand; and he thought he remembered Dir. Deacon
romncking in the Institution, some years sgo, that he had found
Bomp of the metarin]l which gove the best mortor mixed with
cement was a very fine material, his werds being, My, Fitzmaurice
thought, that it looked-more like the sweepings from roads than
fnything else.  About 5 or 6 years sgo, Mr. Fifmmourics made a
large number of experiments on eement mortor with different
proportions of cluy, peat, ur other impurities mixed with the sund,
He found in many cases that very small quantities of these
matorials, say not more than 2% per cent,, mode no great differ-
€nes, but § per cent. made a serions diffevence in the value of
the mortur, Kuch case must be examined separately, und it was
Uangerous to manke sueh goneml statements as wees mode by the
Author with rogard to the mixture of clay with cement,
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Mr., Coanpes Ilawesimy, Past-President, observed that the
ricbio of the ofitllow from Ghe Tood to the reiokall was, as Dhe
Doeon had pointed outy remarkable ; but, of coursy, 16 bad to be
borne in mind thet even in England the yield depsnded lnrpely
ont the manner in which the rain fell. In twp years lmﬁng
different total raintalle; less water might be mecl!.mded in a
resorvoir in the yenr with tha lurger full because of the rain falling
comprivstively lightly but frequently, so that mueh of the woter
was lost by evaporation Lelore vewching the reservoir. 1t would
be interesting if the Author could give some relinble mforma-
tion ae to the pmount of evaporstion from bhe land iteelf in the
entohment-nren.  ‘Chat, of course, was difficult to mensure » even af
home mno  experiments had yet given thoroughly satisfactory
results; and therefore such could havdly be expocted from
Auvstealing  As the flow over thie weir would, in times of maximam
riinfull, amount to 5 feet in depth, he would ask why the wair
had not been extended by m-r:,.ri_ug it farther northward along
the dam. Perhiaps the ground on which the water would fall was
not suitable®  As to the advantages of clay or loam i morlar, he
rememnbered an instanee where core had not been faken fo elean
thesand, and Portland sament mortar had not set after o period of
3 yours, and therafora never would set. In his own practice he
was nlways carveful to have the sand usad for mortar washed
perfectly clean, He beligved some mortar made with olay or laam
hid been used in the formation of the concrete on the Thirlmere
works, which were deseribed in o Papar! prosented to the Insti-
tation some years ago, He ventured to think thet the dacision
not to render the faee of the wall with cement was wise,
bocause such facings slmost invarighly peeled off in course
of time, especially when subjected to damp and frost. They
were applisd sometimes to pathways, and there again they
nearly alwnys failed, It wos mueh better to fimish with a fine
ooating of econcrete, and nob to attemps any subssguent render-
ing with cement. The expansion-joints dn the concretn walls
of the peservoirs seemed to bo well adapted to their purpese.
Large. massea of concrste invarinhly eracked somewhere; and
to make provision at the place where they usually cracked, for
preventing the escape of water, was a wise precaution, Having
hitherto usually adhered to the casl-ivon pipe, which had dode
goad servive in the past, he was unable f0 speak with anthovity

Vi, |, Hill, *The Thiflmtre Werkie far the Waler-Sapply of Munohester,”
Minutes of Proveodings Tnse, (LT, vol. axevi: . 2.




Proceedings: | DISCUSSION OF CUOLGARDIE WATER-SUFFLY. 71

in regurd to stesl pipes. Of course, in countried like Anstralia Mr Hawkeley
the cost of carvinge of cust pipes rendeved the use of steel pipes
almost o necessity, even shonld their hife b mueh shorber than
that of cast-iron pipes; consequently their nse was justified in
situations where perhaps it would not he justified in England.
Also, the use of the word “stand-pipe” which cccurred two or
three times in the Paper was o liftle mislending, baving regard to
the fact that in England it generally meant o pipe standing
above thejground to o considerable height, for the purpose of
piving pressure, 1o the Paper the term seemed to ba applied to g
suction-tanl. Me must add his congratulations to those ;Lh-ea{!y
given with regard to the expedition with which the work had
been cavried outy especinlly tuking into considemition the diffical-
ties in o plaes so far distant from the seurcss of most of the
maberials, The Author was alio fo be congratulated on thie elogo-
nege of the cost of the work to the sstimate. The excess waz lass
than 10 per cent; which most engineers would vegard as very
ereditnble even in England, and therefore much more so inn new
country like Australin, where mueh had yet to be learned,

Mr, W. B, Thirp pointed cub that in his experience of the con- Mr. Tripp
struetion of waterworks in acid countiies, the use of ewrthworks
for impounding or eondueting water wus exposed to the misk of
serious nunoyance and even danger on account of the large pumber
of burrowing animale, such as moles and rats, which constantly
burrowed throngh the sarthworle to get to the water. Sometimos
thess burrows ware 2o inaccessible that they were very diflicult
to discover. He did not know whether that was ons reason
why a econerete dam, whiek of course was more expensive than
an earthen dam, had been employed for Coolgardie; but the diffi-
culty seemed to him to be & very practical question in connection
with waterworks earried out in dry countries,

Me, C. T. A, Haxssex hod heen somewhat sstonished ati the A, Haneson
statoment on p. 41 as to the [rction in the rising-main, The
engineers bad hod excellent advies ns to what the frickion would
be, and, instend of that advice being followed, 30 per cent. bad
been added’ to the frictional vesistance us enloulnted by the highest
anthopities, The Author seemed to anticiputa increased rogist-
anee as the result of inernstation of the pipes; bub wus it really
noeoseary that pipes should silt up in the way he oxpected?
My, Hanssen hiad had some experience b Preston with o sewnge-
main, 33 inches in diameter and 41 miles long, and lie hud
found that with a voloeity of 20 feet per second, which was
obtained when the pumps worked at full speed, thure wus no
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sarions naustation.  In this case, in which sewage was dis-
charged by means of Bhone ejectors, stomes as hig a8 a man's
two fists would traverse the main with & wvelocity which might
be ab times 3 feety, but wos genorslly noi more than 2% foet,
per second. He could goite understand that in o network of
water-maing, where the velocity in one direction in any main
was not very pronounced, and where there was slight oseilla-
tion to and iru.‘ the silfing might be serious; but in o cise like
that nnder discossion, where she flow was continuonsly in one
direction through the whole of the main, s long is pumping was
going on, there did not seem to be any reason why the velocity
should ful] below 2% feot per sevond, which was gtmi_m]]:,' oTI-
sidezed a self-cloansing velocity. Although mechanieal deposits
could be prevented by making the veloeity in the main suficiently
high, it wis nob wertain thit orgenic deposits eould be prevented
in thesame way, The best way to obyviate organic deposits seameid
Lo be o exclude the light as much as possible. In the Berlin water-
works serious difficalties hnd arisen from the choking of the muin
by an ovganic growth, which had been found to cease when the
reservoirs were covered and the light was excluded as much as
pussible. But in the Coolgardis sohem seven shallow. roservoirs
hadd boen deliberately introdussd on ths pipe-line, which sxposed
the water ps much ag' possible to sunlight and to a.u-, a procedurs
which must encourage organic growth. Why had the lift been
sub-iividad in that manner? With Worthington foree-pumps he
did notsee that thers would be any mechanical diffienlty in pomp-
ing the whole of the water in one lift. Tt would certainly cause
o higher pressure on the mains—say, about 540 lbs: per squure
mch sgainst the pumping-engines; but as the pressure in the
hydvantic mains in London was 750 Ibs: per square inch, and
there was no diffienity in pumpmg ageinst that pressuve, he did
not see why thers should be any diffienlty in pumping sgainst
040 Ths. per squars dineh. That plan would have the advan-
tages of not enly excluding lighti from the water, but also of
concentrating the whole of the pumping-plant in a single station—
or ib most in two stations—thus giving much higher officiency, and
probably veduced cost for attendance, He therefors thonght the
engineers hnd been dl-advised i sublividing  the lift to such
an extent, and he suggestod that the high temperature of tha
water and its pollution with animal and vegetable organisms,
which in w tropical climate would be the inevitalle consequence
of such an srrangement, was the reason for the low consumption of
witer tentioned at p. 6.



Procoadings.]  DISCTSSION 0N 000LGARDIE WATER-SUPPLY. Ta
Sir Baxyawmin Bawew; K.OB., Past-Tresident, considered that sir Fenjumin
the Paper would be wery walusble to engineers in all parts e
of the world, beciuse it was eclear that in South Afrien and
Glsowliers  there would be' & large demand for resarvoirs for
irrigation and for power.  He did not propose to follow the
P:;k_ll_ar through; but D, Brightmare’s remarvks seemed to indicule
that he thourht the question of the stresses on a dam could he
solved by drawing n Fow lines in o dingeam ; and Sir Benjamin
might sy a few words upon that mstter, When, about 12
Years ago, the question of dams was under discussion in the
Inatitntion, the late Mr. C. F. Findlay, M. Inst. C.E, threw
down the gauntlet by saying thot sssumptions hnd been taken by
enginesrs ws l:h}‘sicﬂ] truths ;3 thut they thuugll.b it was sufficient
to eonsider the stresses on o hovizontal plane in o dem and to
azsume that the stress yariod vniformly from one face to the other ;
but that there was no sanction to be found for such assumptions
in gny seientific theory which had yet been advanced, sssuming
the dam to be an elastic solid.' Muany mathewaticians had been
working at the problem sires, and during that time perhaps half
a dozen masonry daws had been washed away from one cause or
unother: bnt he coulil not mark sny great adwance in the theory,
It was necessary to deaw o eomplete distinction between the
mibhematician’s dam—that was, an elastic solid at uniform tem-
perature—and the engineer’s dam, which wes quite o dilferent
thing ; becnuse there weré numercns disturbing influences avising
Yom chunges of tem parature, L'unhingﬁ'liuies of wm‘kma.m.].ﬁp, andd
other eauses, which wonld entively upset any ressoning. based
on the nsgamption of the dam being a perfectly elastie solid at
constant temperature. In tackling the problem msathematically,
however, the only way to approach it was by assuming those
conditions, Then the very convenient assumption, referted to in
the Papor, wis mnde, that if the line of thrust were well within
the middle third there could bs no important tensile stresses on
the masonry. But was that a sound mathematieal theory on the
assumption of an alsstie solid? e thought it was not. The
[roblem was infinitely more complicated, and he had been wvery
Pléased to see that in University College, London, after o lapse
Of 12 years, n serious attempt was being made by Professor
Karl Pearson, an eminent mathemuticinn and s high authority
o1 elastivity, snd by an plle young demonstrator under him, Mr,
L. W. Atcherley, Stud. Tnst. /B, to sdvance the theory of the

' Minutes of Procecdings at, .1, vol. oxv. p. 153
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Bl Denfunin stresses in dams.!  About the acourncy of the results he did not care

Thinle i,

& pin. There was no pretimee that tho investigation wis final or
pxhisyetive, bt it waa the fizst Pruits of an emnest attempt o
enrry tho theory of an elustie salid, in ghe specinl case of 4 dam, n
stags farther than it lad been carried before, As the fnginers
vf the Public Werks Department in ¥gypt were intevested in
dams, ha had transmitted the memeir to them, with the comment
that le cousidersd the mvesbigation was deserving of  every
envournrament and assistonos, pod that although perspnadly ho
could not say he agreed with the conclusions, he helisved the
mathematics were correct on ghe assnmptions wade, bot thought
that all the cenditions of the problem had not been ineludsd.  ITe
hud twld Professor Pearson the same, nnd the investigations were
being continued ot University Collage.  Tf the subject was gono
into on the elastic principle, it Lad to be done 1o & thoreugh wiy.
It would not do to be snbisfied with merely tuking the verbicul
strestes on horivontal pliniy and leaving out the strésws on
other planes and the question of elastic distribution of shear.
In most ealeulations of the kind it wus sssumed by engineers that
if the friction nf the base was sufficient fo prevent the dam from
sliding down-stream, that was all that was necessary 6o consider
as regarded shearing-stresses, But Professor Pearson and other
mathemsticinns vightly contended that it the dem wis brested as
on elastic solid it was necessary to consider the clastic shear, ws
well ng the slastie compression.  The first poind that arcse was,
Liow wits the shear distribuied 2 IF the pressure of the water was
100 tonys per lined foob pf dam, and the base was B fast: wide, was
tha shear distvibuted sgqually over the 50 feet, that was, at the rate
of 2 tons per foot; or was it, as most mathematicians, considering
the dam 2s a cantilever, said, distributed In w purabolic lorm—
that was, was b nothing i the mne fos, pothine af the ooter
too; anid 8 tons por synars foos in the centre 2’ Profassor Penrson
and his collsagne had worked it out on both assumptions, They
suid ohit, assoming certain othior eonditions, and foking the
shedr as uniformly distributed, theve might be 8 tension of 8 tons
per sguara foot at the outer toe of a typieal dam in a vertienl
plane; but taking it as more probably parabolically distributed,
then 10 tons per sgquure foot was obtwined, which wes of eourse a

VE 0 Bome Disrogirded TPrints in the Stability of Masonry Dems!! By
L, W. Atoliesloy, with some wssistanct from Karl Pearson,  [Peepeen’ Comtions
Rovparak; Memotr.], Tiondon, 1004,  For-an Alstract of 4his mameds see Minotes
of Procesdings lust, (VE., vol. vlzii,
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very high tensile stress for comevete or ordinary rubble masenvy. iﬂ'hliﬁf"m“m
An engineer would say thet he did nob take either upiferm or
pirabolie distribution, bot iuspected the roek upon ‘which ha
Ind to build the dam, especially as regarded the divection and
Nature of the inevitable cleavnge-planes, anid formed his own
conglugions as to what distribution of shear might e safely
assumed in the particnlsr esse under considerstion. Bnt  thot
did ot invalidste the importance to an engineer of kmowing
Whatt would Do the distribution’of stress in dowling with o daan

Fig, 81.
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18 gn elostio solid. In dams the elustic deformations from eom-
Presgion would often bhe only compavable with the thickness
Of & shoet of paper in extent, and the rock on which the dam
Was built could nob be lett oot of aceoumt, L6 was npcessary to
tongider not only the elastic deformation of the dam, but alzo that
of the rock, The first thing he had done on reeeipt of Proféssor
‘P Carson's investisation wis to ke, in an hour, vub of erdiuwy
Wl].}‘, a model af fhe dam and of the vock (Fig @) He deew
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gl:kg:‘r!.':lmm lings ot right sogles neross the feansverse section, dividing it
into sgnares, and applied pressure: on the side representing the
witer face of the dam and also on the portion corresponding
with the rock bottomy of the veservoir: for it ssemed to him
tlint, although on the “middle third ™ theory the dom might
have mo fension on the up-strenm side, the sinking of the rock
under foll-reservolr pressure might induce fairly severe tension
on the masonry, The squores of the model beeame disterted
under pressure, showing the nature of the sheaving-strains, ns
indicated by the lines in Fig. 32. The first thing noticeable was that
the distribution of shear where the dum met the roek was far more
uniform than pombolio, In ofher words, if there wis tension nh
the toe of the dam, as stated by Professor Pearson, it would be
nearer § tons per square foot than 10 fous per squarve fcot, so
for as blus rough model indieatod, But the model also showad
how far the strains extended inte the rock, and it was probable
that the elastic deformation of the dwm was transmitted into the
rock for a distance equal to half the height of the dam befove 1t
became nndetestable.  Therefors, in order to work out: the com-
plete problem, it would be neesésary to take into consideration the
elasticiby of the rock on which the dam was built. It was a very
difficult problem, especially if dealt with algebraically, withont
the use of models; and he could quite realize the truth of the
remark made by o speaker 12 years ago, to the effect that overy
one who hud attempted to solve it seemed, after having worked
ati it for a cértain time, to hive thvown the whole thing over
and made certain pssumptions to simplify matfers. As he him-
self hud remarked in the ssme discussion, perfeet elasticity and
uniform temperature might prevail on the planet Mars, but not
in this: world ; so that engineers luud to be caraful in applying the
results of mathematical investiontion whers dums were in ques-
tion. In designing o dam it was possible to cover the unknuwn
by providing a lsrge factor of safety; but if the problem hefore
the engineer was, * Here is an existineg dam, how much can it be
safely raised 2" whit hnd to be considered was the minimum
faetor of safevy allowable. That was quite a dilferent problem:
it was like usking, with regard to a leaning tower, how much
more the tower could be mude to lean over: and in desling with
i grout earve wis neaded on the part of the responsible engineer
—the man Liable in cuse of accident to be called upon to produce
his euleulations and justify the same. Therefore, on his arrival
at Assunn to determine the question of ruising the dam there,
in conjunction with the hewts of the Publie Warks Depnrt-
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mant he had had nearlya dozen stiff' jelly madels of the dam mades, Siz Benjamin
: . f : sk ! 2 Haker.
for thy engineas to experiment with in differsnt ways, inclnding
catting out portiond in front to represent rock scoured away by
water rushing throogh the gluices. It was found that it reck
was put away in front of the dum the stresses on the dam wers
appreciably nltared. After & or 4 hours” trial with the models,
evarybody had agreed with him that raising the dam was not such
agimple problem as it seemed at first,. He had =aid that for practieal
rggons the raising must in any event ba pestponed until the
masonry apron helew the sluices was eompleted, to protect the
roek and suppert the foe of the dam; sod that for the moment he
wonld thorefore not offer any opinion upon Professor Pearson's new
theory, except that he was very glad the researches had been made
at University College, and that he hoped the Esyptian Govern-
mant would give every encourngement to further veséarch in that
divection. He thought they had done that in a handsome way:
Bir William Clarstin had given promivenpe to the researches in
Lis Report, and bad expressed the hope that Professor Pearson
would be followsd by other mathematicians, so that it might
be possible to agres upon seme complete solubion of the problen
of the stresses on o dnm, considorad s an elastie solid at uniform
temperature, Of tourse, to assume that the roek on which u dam
was founded was a homogeneons elustic solid would be vory far from
the truth, as Mr. Fitamaurice's experience nt Assuan had shown.
With the help of Bir Archibald Geikie and some of the staff of the
Gaologieal Survey who had been in Scotland surveying the granite
formations there, the matter was carefully studied by himself
before the Assuan dam was commenced, and it was found that in
granite foriotions there wers invarisbly cleavage-planes which
broke up the rock into big blocks, the spaces between which
Wwere [illed with something more or less compressible—eenorlly
dagomposed granito,  Slow infiltration of water into eracks in the
granite gradually decomposed it the joints varying in thickness
between, say, 1)y inch and morve than o foot. With & solid piece
of masonry in eemenl resting on what might be ealled rubble
masonry set in decomposed granite, it would pumle anyons, using
any amount of mashematics, to say how the shear would he dis-
wibuted over the base of the dam, Supposing that the rear
part of the granite was comparatively solid snd unbissured, and
the front part had vertieal flssures jost below the surface (Fig. 33),
fissures say 1 inch wide, when it was considered of what order
the elastic movements were—uonly nbout the thickness of a sheet
or two of paper—oeould it reasonably be asswmed that those joluts
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?S’Eknjnmm of decomposed granité wore eapable of resisting any affective
shear ' In many oises that assumplion was vidieulons, Thit
being o, then, for the too of tha dam there was no horizontal
component to vesist an inclined thrust, On: the toe the reaction
wauld hi wertical, and its intensity would be the prossure on
the rock less the weight of tha toe. The dam had to be looked
upon practically as an ordinary wall with footings, It must
be frankly admitted that tension in musonry should be avoided

iy, 83,

aa far na possible; but the whola principle of giving a Eooting
tora wall implied that there might be tension of some extont
in nny concrete o mpsonry structure without risk of feactura
(Fig. #4). 1t the footing warn made too weak it wonld break
off, but if made strong enough it would stand. Many avehi-
teots' aoted on the rule of thumb that the depih of the footling
should be mot lass than the projection multiplied by the: spuure
voobof the pressure onthe foundations in tons

Lig, 4. per sguare foot; which tmplied o tension of 3
tons por aquare foot. Tn proctiee rock might
be met with which was fissured and which
would not afford at the toe of the dam the
horizontnl resistance to the inclined stross;:
aml in that ease the mortar aod conerete must
be strong encugh to enablethat purt of the dum
to wet as o footing vertically loaded, Of courss,
tho ongineer was acenstomed to providing
for snch contingencies, e took euwre in all his works, especiully
in dams, to test the mortar, and to make it such that the masonvy or
conerete had eonsiilorahln tonsile stromgth,  For thet veasom, the
fact that dams constroeted en the * middle thivd" theory did not
crnek was no evidence that such theory, or any other theory of dams,
wis right or wronyg; for in his own experienve he had lnovwn
rublile masonry atand 2 tensile etrezz of 20 tons por squars [oos
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before cracking, There was no time to elaborate the matter : he had sir Dunjamin
Slmply tried to show that whist was requived from mathemnnticins et
wis a complete theory on the basiz of perfect elasticity in both
dam and rock foundation, and he hoped some good results would be
obtained at University Uollege. When that theory Lad boon found,
engineprs would have to examine the struetures with which thoy
were dealing, and if the rocle they wers building on was not solid
rock—in the sense of being able to transmit horizontal shears of
o inch—they must make their dams strong enough (o mest con-
giderable tensile stresses ut the boe.  As he had said 12 years age, it
ssamed hopeless to falk of tomperatures, because whilst in dams the
varying stress on the masonry from the lateral pressure of the
water would be probably only about § to 6 tons per square feot, the
moduluz of elnsticity and the expansibility were such that if the
masenry were not free to expand, the 5 to 6 tons par sguare Foot
would be eguivalent only to the stress resulting from o rise in
terperature of about 8% F.  The resulls of experioncs go far with
thermometers buried in the masonry of dams confivmed the
common-sense view that the different portions of masonry built
during the year at varying temperstures settlod down finally to
uniform temperature in the interior of the dam, while the fuco
work was affectad even by diurnal changes; so that inkernal
Elraing existed in o dam asin o large unannealed eusting, What-
évar theory mathematicions might evolve, engineers would not
be relisved, he thouglt, from the obligation to use no material
for dams which would not stand, say, 50 tons per square foph in
compression and 10 tons per squars foob in tension without
splintering ; and, in some cases, concrete dams might probally with
advantage be partinlly veinforesd with steel bngs,

The Cirameyman rageattod that owing to want of fime the disenssion Tha Chairmunr,
conld not be continned, The remarks made by Sir Benjamin
Baker would be of great interest to every engineer, and valuable
to the profession for many yeaurs to come.

The Avraon, in rvaply, regarded it 83 a great privilege to hnove The auilior,
been uble to pluce the Paper before the Institution, and was
indebted for the kindly way in whieh it Lad been received,
especially to thoss wlo, thenselves vesponsible for large works,
had diawn sttention to the rapid progress made—a matier
which affeeted him considembily. Tho rite of prosress on the
pipe-line, spocially referred to by Mr. Fitzmanrvics, was quite
correet, The Author had uwndertaken that the works would be
Opexi Ly a cerinin dote, und the promise hud boen Kept. The
tomparatively slow comstrietion of the weir had bion due to



80 DISCUSSION ON COOLOARDIE WATER-SUPPLY, [Minutes of

The Author, several cnuses, the most prominent beine financial reasons and
the advisability of even progress on the scheme generally, the
wair, notwithstanding its size, forming only one-tenth of the
whele work. It was difficult to denl in n few words wizh tho
political refevences made by Mr, Chrruthers, and it was un-
uecessary to do so fully. Tt would suffice to say that Sir John
Forrest’s name was unguestionably and rightly one to conjure
with in Western Australin, and to his Government was due the
honour of insugurating this work, Thers had been u greab desl
of noodloss and exasperating personal attack, and o want of
recognition of difficulties and of the work wecomplished : bus, on
the cther hand, little of the opposition had been entirely factious
and, a8 vegnrded the leaders, none at all sa,  Moreover the
Oppasition of Sir John's day had certainly done their best For the
scheme, and with complete success, when in power later on; at
a time, too, when finuncial burdens were greater than with the
previons Government. The work was that of many hands, and
to no ane person could the chief eredit be apporticned ; the Author
bad been careful to draw attention to the lnte Mr. ('Connor's
part in it, and mention should not be omitted of one of M.
OFConnor’s  assistants—Myr, T, €. Hodgson—an able enginesr,
whose assistance to his chiel had been invalunhle. The finaneial
aspect of the guestion mised by Me Fitzmaurica was twofold;
fivat, whether the work was too large for the purposes sarved,
and secondly, whether as a result of the lavger size the burdens
were too hewvy, With reference to the fivet point, it was easy
to be wike after the event, but looking at the question from
the point of wview of those who had been responsible for the
inuugaration of the scheme, and whoe had had to foresea tha
requirements and provide for the coming large industry, und
vosulting population in a very dry country, it bhad to be remem-
bered that the work waes spproveld of gt o tme when discoveries of
gold-bearing country wore heing made at veéry pumerous centves
(a score where mines were regularly working now could be named
off-hand), the distribution of which indieated Coolgardie us heing
the centrs of the greatest gold-bearing belt of the Commonwealih.
The arid conditions of the country made wvery heavy demunds
upon the finances of the State for providing, by means of wells,
bores, tondensing-plants and dams, the water necessary for imme-
diaste use; while no scheme of water-supply based upon loenl
sources was held to afford that security sgeinst prolonged drought
which was an essentinl condition of permanent dovelopment. Tt
would' bave been unwise, in the conditions which existed, nnd on
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the datw which were available, in 1887, t6 Lave eresd on the side Clis Asthon
of providing too small o sshemo; and it wie guite possible, huving
in view the immense teact of undonbtedly auriferous country
sérved by the schome, that the demands on further development
wonld exceed the Author's estimate of altimate consnmyption under
Present conditions, This estimate was 2} million gallons, the
Inuch smaller amount noticed by Me, Fitemaurice being the results
of the fivst year or a0 of working, Nevertheless, even dur ing this
perdod, the commercial aspect of the sehumo wis not infevior, as the
following facts showed. Abous 3 yours dgo the Aothor rmblultml
revigad ostimites of the probalile eost of snpply, arviving af con-
siderably lower fignees for working than the lute Mr O'Connor's,
18 sriven in the accompanying Tuble,
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The pipes wers still new, and the cost of maintenance was therefore
less thon the Author's oatimate ; and it had been shown in actonl
Working that for this and eflise-vaanons avan hix fignres conld be
Smewhet improved on.  The Authdr made recommendutions hused
on his figurees when the Mainténance Bill was being, passed, wmd
the prices settled on for the time Leing were Hs 6d. on the
WWorgee af sepvico-veservoirs (ngainst 6s. Td. menlioned by Mr. Fite-
Wanriee) and 8a 4d. delivered ati the houses. At these rates the
Net posukts of the fivst official yoar's work (thoe onlyione wvailablo so
fﬁi") with the veticulation only half fnished, were : vevenue £104,800,
[me 1xsr, e VoL, cLxin) ]



B2 DISCTIERION ON COOLOARDIE WATER-SUPPLY. [Bhnutes of

The Author. working-expenses £42800, profit £62,000, Adding to this sum
£30,000 saved fofhe Government railways, a totul profit of £02,000
was obtainad, equal to the amouut of the yearly intersst, leaving
only sinking-furd unecoverad: which was a remarkably good esulf
for the first yeur's work. Turning to purely engineering matters, and
beginning with the resorvoir, the first point was that of dischargas.
He regredted that, important though the matter was, there weve no
records available of the evaporstion from the land on the catchent,
such as had been asked for by Mr. Hawlsley. Tho small mtio of dis-
charge referved to by Messrs. Hawksley, Dogcon and Fitemouvics
was a most anxious subject for all Colonial anginesrs, The par-
tienlar figures i Uhis case were guite corvect, az he had shown by
gil-'il-'g thosn of ﬂ.t]juin.ing catchments for Compurison. :.L.Uil'lfﬂlgh
wnything quite so triting as the fgures for 1902 had not been
met with by the Author from country chosem in other lands
for catchments, yet his Indion sxperdence had shown hiwy tlieh
drainnge-areas giving very small yields had ofton to bo pocepted
and, s recognized by the speskers, nothing lut previeus ex-
perience in similar country with somewhat similar distribution of
rainfall could proyent waste of money on the one hnud, or fuilure
of n acheme on the other, Iu dealing with the relation hetween
in-flow, eonsumption and loss, and the disgram of eapacities, the
Authar; wnwilling to write at unnecessary length, had swtler
nhibravinted his remardks in the Paper, and he wos glod of the oppor-
tunity aiforded by Messrs, Deacon and Fitmmdurices qnestions to
draw further attention to the very important point of the appirently
wide differenvo betwesn Haslish and Celonial practice. Tor in-
stance; the late Dr. Willinm Pole, in a lecture en * Water-Supply
deliverad in the Imstitution 20 years ago, stateid ! that a reservoir
large enough to equalize the muinfull of o sirics of years would be &
monstrous structure.  Yeb it was for expetly thiz parpose that the
Author had bad to undertake a study a few yuars npo in Indis;
with the intention of inereasing the stovage for n large town of
120,000 inhabitants ; and the symes qumt;inri had avizen in connes-
tion with the reservoir of the Coolgardie scheme, I was natural
that at any site the contents per fuol of depth would be grenter uf
the top than lower down, nnd it was 80 in the present case, as
pointed out by Dr, Doacon ; but, an the other hand, the loss, pet
unit of nres; dne to evaporation from broad shallow oress was
greater than from arens of deeper water—a fact which ueed 0
be taken advantage of by the natives of India in the manufacture
of salt by the evaporation of the bragkish waters of the Samblat

UL Theory aid Practte of Hydeomechunics," p, 43 London; 1353



Progeedings]] DISCUSSION ON COOLGARDIE WATHR-SUTTLY. ok}

Take; so that, having in view the compuratively small yield from
bhe natural eateliment; it would, an working it ont, be foand that
even though the Mundaving reservolr after onlarging would fill
oceasionally, small good would result from raising the duwm without
alep inerensing the cuichment. As an instunes, the cyele of years
180300 might be referred to, In the Indisn ewse the Author had
come to the conclusion bhat inerease of storage-capacity wounld be
mouey well spent; but for the Coolgardie scheme he had favoured
enlargement of the catchment-area, It was impossible nobt bo concur
with Mr. Howksley regacding the wdvisability genorally of in-
creasing the length of the wuste-wair, and eonsequently reducing
the depth of water over tho crest, It was nob advisable in the
presants ciuso, owing to unsuitable ground; but the point had been
fully borno in mind in the Authors préliminary studics for the
vt lurger dam which wonld ultimptely ba rvequived for the water-
supply of the Western Australian metvopolitnn aves,  The Author
wonld concur with Dhw, Doacon, other things being equal, if ha
showed prefersnca for a clear overfall | but it was necessary in such
a vase thot the water should shoot clear of the dom, pud nat fump
ubont on the slope. 1t was by no means correct thot the dischavee
vegehed the bottom in the form of innocuous spray, unless the
dopth of full was great sompared with the depih of How over the
weir-erost,  One of the st works with which tho Author hod had
maythjng to do wna o mpsoney weiv ab Jdabalpur dn India, 70 feet
hizh above bed-level at the deepest point, The dam was designed
and badls undor the orders of Mr. J, (0 Ho Glass, M. Tnst. O.E,,
and the overfow was vestricied as far a8 possdble to the flanks
of the dam.  The sl year after the dam was complobed the pinfall
s exceptionally heovy, and in the 3 months during which the wair
was gverlowing to ﬂt.—pﬂas up to 2 fest 6 inches the waler was
usmlly ruoning sl sullicient velocily to dvop eleny of the haso of the
dimn some 20 feot below; still some damags did ceeur, the joints
(of lame mortar) being washed out from some of the stonswork
footings. Moradyver thers was the gquestion of vibmtion, than which
nothing was mars injurions fo concrate.  In ths Vyrnwy dam thiz
perhaps did not matter, Om the other hand, the Cedlgardie water-
supply dam, having been huilt homogeneous, with no surfuce render-
ing, was in Jitile danger of seour of tha profile;and the water glided
down smoothly and evenly and eutered the basin below without
cansinge wnneceasary disfurbones.  The Author fuiled altogethes o
understand Dr. Degcon’s preference in the progent ease faran cavthen
tam, Tn the fivet place, it was shown in the Paper (p: 18} that the
turmation of o liy-poss (including waste-weir and channel) would not
a3

ik e Anthar,
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Tho Author. have been: possible, unless it were eoti out of the solid and sherply
sloping Hanksof the gorgeat dispraportionate expense.  Again, eonld
floods § fess in depth be passed over an carthen dom i Next, there
was the damage and danger to such daws in cotitries whers animal
life wus prolifie, us pointed out by Mr, Tripp, whoss rewneks were
in consonmues with the Author's sxperienes of maintenanes and
removation in Indin, where not the lesst of the enemies of the esrthen
dams eonstructed by Indisn prinees in olden days were freshwator
arustaces.  Mareover, it was by no mesns a foregone eonclusion
than an earthen dam was the cheaper structure. The seetion
adopted an Vyrnwy for the masonry dam built by Dr. Dewcon was,
the Author believed, acknowlsdged to be lurge, but tuking more
veonomicnl sections and eomparing with those of earthen duis,
and making allowances on the ong hand for deep fonndationsand
on the other hand for steipping, for puddle-tunmel, waste-weir
and valve-tower, the earthen dom would not be found to be the
mare seonomical unless materinl were bandy and  Iabour eheap,
which was not so in the present case. The question of musonry
versus vonevete dams raised by My Fitzmaurice wis one lurgely of
com peuatave vosty nob ouly of plant, mederinds, and eate of con-
struction, but also of skilled and snskilled labour. A plant
capable of handling large stone might bave remained a dead usset,
but the compaatively small stone-croshers and conerste-mizer
eould Be comnted on with certainty to be of use oleewhore. e was
glad to observe that improvement had been neticed in other cases
in the quality of water flowing through comparatively long pipes,
althouph he was wnable toagree with Dr. Dexeon that the aotion was
entirely aevobic rathor than pertly sunerobic, The arguments for
and against were of o highly technical character, and would hardly be
worth eptering on here.  While fully coneuering with Sir Benjamin
Baker as to the dillerence between o pure mathemasician’s assump-
tion and an enginest’s requirements in caleulations for dams, the
Aunthor venbtored to say that, after all, the equations of stubility
must ramain indotermingte; and mist therdfore be solved by means
of assumptions, ag was continnally neecssiry in DINMerous engineéer-
ing and architectural caleulntions, The theéory of masonvy-dam
cndonlations was sufliciently adveauded, and had been suofficiently
proved in practice, to ensuro success, provided the desimner did not
eut things too fine above ground, anid was ecaveful to ensure his
foundations remiining satistactory.  The latter point, as expluined
in the Paper, hnd been covefully oftended to in the Coolgurdie
gechemies and g8 rvegarded the former, some superabundenes of
strensth usunlly cost so livtie s compared with the whole cost
of noy seheme, wod wos wopsover so necessiry on aceount of
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inevitable imperfections in materinls and worlananship, that there The Anthor.
should not be difiiculty nowsdeys insuitably designing the above-
ground portion of a dom, provided the stresses applied and tha
purposps to be served were cavefully eonsidered, and the extra
matiorial was emrroctly dispesed.  The Author considered, howsver,
that Siv Benjumin Baker's remsnvls were directed rather to tho
difliculties of foundstion-design, especiplly in circnmsfances whore
itiwas prapoaad to raise o dam which, althongh mere than strong
engugh above ground, had nsufiicient strength below ground,
beepuse the foundations, not having been fully protected in the fivst
insmanee, were sopsidered o bave subsequently become doubtinl.
By wvariation of tho dispesition of the suporabiundant material
neeessiry ot the top of every dam it was possible to deduce at will
& base of greater or less width without proportionats incvesse or
raduction in the totel contents of the dam, and thus to abtain o a
eonsiderahle extent the fanting mentionsd by Sir Benjumin Baler ;
but in the opinien of the Author extra width alons was insufficient
where the foundafion rock wos eomparatively wenk. Kixtrmn
depth was necessary, so that advantage could be taken of the
vesistnnee to vertical as well as horizontal shear of both reck
fnd masenry bolow ground, nud transmission thorefors of sleesses as
fhrough beams, If, however, this exten depth was not given, and
relinnee wis placed an the horizontal shear alona of shallow founda-
tions which wera nndor threst of being curtailed by denuvdation
down-strear, the problem was o totally different one, us well for
an pxisting dom gs for raising it Duf, even so, it appeared o the
Anthor that llustwitions by means of jelly models worea Lable to
misinterpretation, as showing move than wns intonded, namely,
the general facl that the stresses tendad to distort both dam and
foundations, The stiffest jolly was not only very wuch more
compressible than rock, but owing to viscosity the distortion was
spread over o considerably greater distance than in reck, where
ancther solution of the indetirminate equations mentioned above
would be obtained by allowing for tiimsmission of the siresses to
greanter depth through the sgeney of unsheared beams of vock, if n
sufficient factor of safety was awmilable. Tu bhis connection, he
would point out that the dam ab Jabalpur already referred to,
although 70 feet Ligh wbove the lowest ground-surface, was built
of small rough basalt blocks sst in lime morvtar; and it seemed
unguestionnble that, if instead of being regulurly, evenly, and
pradually distr 1}mtaﬂ by mogns of tensile strength, the trans-
mitted stresses were concentrated, the wssoney must have failed,
sinen limo: water was not nearly so strong as eoment mortar.
It was, ‘a4 pointed ont by Sir Benjunin Baker, the vight of
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snginees, who musf alwaye be prestly absorbed in practical
considerations, to expect of pure mathematicians greator help in
this important matter than had been accorded of late years; but
it was the Author’s opinion that in tlds, as in so many other
gnginetring questions, theorotical ealeuliations would not! enrry’ thi
matter satisfactorily o the ultimate gosl, and that practical tasts
en o fair seale should be'instituted.  Tn these days 36 should nob
be dilicalt o dovise safisfactory means of messuring stirisses in
large. model dams, with suitable foundations, tested to destrue-
thony and, considering the lorge issnes involved, tle Author
hoped. Bhe Institubion woulid take the swtter upe  Professor
Unwin's endorsement of {le use of the locking-bar pipe was
voted with pléasurs,  Lwprovement of tle pipe used was, how-
eviry desivalble, nnd was podsible in mors thod one  divection.
The apor stated thet the Commission did net recommend
the pipe for use because it bad not besn proved at all in
practies, nnd 1t seemed to the Auther that Dr.  Descsn, slthough
fearing  misgpprehonsion, simply vepeated this. The method
of coating, or rvather of covering, the Dudley gas-mains, reforred
to by Professor Unwin, Liad been tried on o subsidiary main of
the Qoolgirdie water-supply, bat it was too ey yet to say with
what results, The Author was. doubtful of the utility of this
protection on lavge muins owing to probable hidden domags in the
hundling.  Thera secmed 1o bo no daubt thet peactieal expeacience
dictated concarrence with Professor Unwin in his objection to
epinpliviatel formules, and the Paper showed chat Kutters formnla
was mot employed for the finadl pipe-calealations, DBat, this
having been said, the Author could not agree that the allowance
made by the Eoghsh Uemmissioners [or uliimate friction was
suiffigiont, having in view, as the Papor stated, the class of water
dealt with, This point bad been missed by D, Deacon wnd
My, Hanssen. Water deswn for the Perth wutersupply from
n vegarvoir fillod from o eateliment contignons and similar to that
of the Coolgardie water-supply had eaunsed sericus conéretion in
the mams leading to chat town, nobwithstanding that the water
was drwwn divectly from the storagevesarvoir and fHowed Faster
than "in the Coolgardie pipes. The Perth water held in sus-
pension or solution net ouly organic mubter but also irom ond
aluming (all, of course, in minuts guaortities), und the conervetion
produced was a totally different matter from the oecasional stones
My, Hanssen had sesn trausported. The extre head allowed for
ultimute friction amonnted to less than 10 per cent, of the whole
hesd (frictional and gravitational), and this initin] oxesss wonld not
linwe sevions efféet on the sconomny of the pumping-engines: on the
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other hand, want of sufficient allowanes for ultimate frictional head Th Aulbes
must tond to produee mest disappointing vesulty later en, The
Aunthor was astorished at Mr, Hanssen’s proposl 48 gronp all the
pumping-plant at the weir, and' to drive water thence through 360
wiiles 0f unbroken main, Had this been the only way of earrying
ant the worle it must have réemained undone, as the eapital cost
would have been amaring, In veply to Mr. Fitzmaurvices queries
rgguding the reasons for plating the main below ground, the
Anthor wonld first note thet apparontly, aeenrding te Proféssor
Tnwin's and Mr, Cavrathery remorks, the Bnglish Commission
hid mot been in sgreement as to the wain reason for lnying the
pipes above gromnd, The former dwalt on the chavacter of
the soil, the lattér on the loss from rviveted pipes: Im the
Aunthor's opinion even riveted pipes should not huve been plueed
above ground, if this could have been ressonably aveided, The
seborne was a4 pumping one; over undolating countey, and it
wis alweys ineviteble that long lengths of main would be empty
from time to fime; and when emptying, empty, or filling,
the strains produced by unequal heating and cooling of the top
and bottom of the mnin must hiave had, in riveted pipes, a sevious
affect in tendoncy towards incressed leakage. It was porhaps &
pity that the expansion-joints devised by the Commission had
nof heen put to practical test, but these in the Colony who had
studied the efloels of the varying sun-temperatures were morg
than afraid that (unless placed very close together perlinps) such
joints might not fulfl thoir purpose. The value of the water was
eomparatively so high, that undetected loss below ground from
vivobed 1—;i13¢_15 wis, the Aulhor thought, the pa.iut. to be most feaved,
and Chig having been overcome by the use of another class of pipe,
it was inevitable that the main should be placed below ground, the
improved analysis of the soil being a soluce rather than a great
inducement. The extra thickness would have heen a8 greaf an
adyantags in pipes Inid above as below groumd. A pipe made of
Joineli plute was bl enough to hindle, and if of G-inch plate
the possibility of damage wonld have been grester, not only in
lisndling but ulse when laid, unless expensively patrolled. The
cight Venturi meters referred to by Professor Unwin werelpluced on
the rising-main, one at each pnmping-station, for the parpose of
cheeking the evenness op otherwise of pumping, as well as the
yuantity of water sent forward. They were delicate—or perhaps
more eoreactly suseoptibla—instruménts, and trouble’ had been
experienved ot fest du their working, When this became mors
sucpessful the Author arcangid for additionsl mebers to b placed
ot the service-rgaervoivs of the warious townships. The use of
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the word stand-pipe, velueeal to by My, Hawlsley, was possibly
misledding, since this term had come to L applicd fo'a vertical
pipe used for o speeisl purpose,. The pipes reforrsd to in the Paper
ware vertical and, of comrse, eondiderably above the ground; they
wers for the parpose of oversiming water-hammer, and not for
producing pressura.  The explanation given by Mr. Carruthers as to
the veasons for the exten eost of the pumps over his originnl fienres
pointed mors strongly, in the Auther's opinion, to the douhiful
;_L:-;Imr'lii:rmy of installing mueh more expensive. machinery ; siuce if
for two clusses of plant the totul working-costs (ineluding ivterest,
deprecintion and working expenses) were equal, it was better,
and eorfininly loss visky, to choose the plant entuiling less ecapital
expenditure. This would bave been dona had the Anthor been in
supreme charge at the time when clioice was being made. There
wis no doubi, however, s to the high duty of the plants
instnlled. A complete Table showing all data, wlso the coeflicients
euployed and the rvesults ebtainsd stap Ly step, had been placed
oni eocord in the Institubion, and it need thevefore only be atatiod
that the duty-tests had heen most w.‘ofu[,ly made ; moreover the
Author had had the whole watehed and concurred in by the Chief
Mechanieal Engineer of the Btate, Prior to the testrnns, all
stonm- and  water-gruges; thermeometers, weigili_-;.lg-m@}ﬁneg, ete,,
were testod and theiv errors moted, The slip of the pumps was
gscertiined by three initial tests on different duys, the water
pumped each tims being from o messured 10-fost zone of the
suetion-tank, snd amounting to 310,220 gallons, TFhe length of
stroke was measored every 5 minutes, electric siguals from the
tank intimating to the engine-counter reader when the top and
bottom: raspectively of the zone had been resched. Samples of
coal from warious pavts of the haap to be used were taken,
and their calorific values were oblained independently Dby menns
of Durling, Thompsen and Carpentor calorimeters; and similae
enva was takeon with the ash-pit residue. The stabe of the fires,
and the Lisight of the water in the gauges at the commencement of
n test, were noted, und both were brought to the same condition by
thivemd of the test, 1t hed not been pessible, owing to the way in
which: the specifientions were drawn, to follow in the tests exaetly
the lines laid down by the Institution, but had these been worked
v, blhe duty oltained would hnve Leen skill Disher, for tle air-pomgp
discharges wore run into a receiving-tank, and tha temperature of
the inflowing water was adopted as that of the ecndensed steam
returning to the boilers in ordinary working eourse, There was
no «oubt that, as menticned by Mr. Fitzmanrice, the service-
reservoirs, specifienlly so tormed, were small eomparad with what
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would be ]u'q;n.'I{lmi I.lﬁllﬂ]].'.", bt the Author bad determined that The Aothor

1.[11;3* should be suffiviont at any vate to begin with, for he Tiad
provided by-passes at each, so that any oe eould b thrown out
of working without disturhing flie duily supply. Moreover, the
main wae of wrought-iron, and therefore nof suliject to the bursts
which misht be expected in'a cast-iven main, wnd, in addition, the
Main: was kept nnder as low o head as possible by repulating the
outflowing dischnrgs  from  Bokers Hill, West Northom, Bulla
H1_1_]_Ii;_11-_5F and soon, instead of by means of valves at the respective
regeiving-reservoirs.  When the demand inereased largely, it
womnld no doubt be adviseble to inerense correspondingly the cupavity
of the service-reservoirs, The advantages of the civenlsy form in
serview-reseryoirs, to which Dr. Deéacon had deewn aftention, were
more or less gensrmlly acknowledged | and where deemed advisabla
the eireular form had been sdopted in the service- and suetion-
reservoirs of the Coolmrdio woter-supply, thongh this was notb
stated in the Paper. The relative advantapges of thick and of thin
linings, nlso’ raised by Do Deacon, must always be one for argo-
ment = and, personally, the Author preferved to expend £1 at vuce,
und another £1 20 vesrs alter, sather than £1 185s8, or even some-
whit less, to Dbegin with. The gencreal stotemons, referred to by
My, Fitamnuurice, as to the improvement of mortar by the use of a4
propovtion of loam in lisu of the sawme quantity of sand, was, of
conrse, not hased on the Authors opinion, but on the pesults
obtained by Professor SBherman. The tests earried out for the
Bulla Bulling reservoir confirmed that writer's results, and the
Anthor would like in this conpectivn to draw wttention to the
univeradl Indian practice of adding elay more or less burnt to pinva
limes, The clay was added in the presence of water, and un-
questionably # stronger and more lLydraulic mortar was pro-
duped thon if the place of the eluy had been talken by an equal
quantity of sand. Tt waa possible that similae good effects wera
produced by combination of clay with the free lime present in
most Portlund cements; bub extromie care was necessary, as M,
Huwksley hod pointed out,

Correspondence.

Professor J, Camrpnen Beows, of Liverpool, sgréed tlhat the
thepretical requirements for o good coating for iron pipes were as
etated at po 27, These desideruta, however, were not obfained by
the practical means mentioned on p. 33, Not only ot Coolgnrdie,

Prof. Brown,
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Prafi Brows Dt also elsewlers, Trinidud asphalt was being employed fostoad

Mr. Bruoe.

ol piteh, with gas-tar, for the purposs of eohfing iron pipes. Baot
uitural nsplinke contained ouly about 14 per cent. of the muntter
which was rveally waluable for protecting iron pipes, namply
pitel; the remainder baing mainly @lenm eatbonate.  Phis
larrs nmound of mineral motter was good for paving purposes,
but for conking ivon it was not only useless, but pesitively disad-
vantageons, It thickensd and hurdensd the piteh with muterin
which did zot belp t muke the pitch adhere to the pipes, and
whith was gradually dissolved by large (uontities of water con-
taining ecavhonie acid or other substanees which acted npon lime-
gtong.  Accordingly, hapd piteh from gusworks would bs worth
more thin seven times a5 much as patoral asphatt for mixing with
ecnl-tar Tor the inside conting of water-pipes.  For the cutside it
was nof of so moch Importanve, leewuss thers the conting might
be thicker, and ke pips wight be embedded in ssphalt of consider-
able thickness with advantoge,

Mr. A. Famirre Broes observed that the proportion of rainfall
actually found to fiow off the Uoolzardie catthment-sron wis in
acpordanes with the peneral expevience that, with small precipi-
tation, the pereertnge received in the veservolr wus much less
than in the case of a heavy full, us the former generally con-
gisted mwore largely ol Lght los] showers, wnd tho water wis re-
ovaparnted or nheorbed bofore it veached the wibarcourses, No
doubt the small percentase collected was also due in part to the
gathering-ground  being so hLeavily tmberad. Rainfull observa-
tione winn linhla to ba very mislending, aspesially in a large aren,
undesz o copsidemble number of rain-gauges were distributed over
the area so a8 to give a true average result; as the mwount of rain-
fall was grently influeneed by elevation and exposurs.  The
exporience in Bombay had been that the mesn rainfall ot Toisa
Linke, ut & Lpight of 362 feet ubove sea-level, was about 108 inches,
at Tulsi Lake, 870 fect high, 104 inches, and at Vehar Lake, 190 feet
high, 84 inches. A5 mensured by the min-gauges, which wore
sitmated at or near the dams, about 50 per cent, of the total rain-
fall reached the Tavss, and almest G5 per cent. the Tuls and
Vehar Takes; bt as much of the pathering-grounds, especislly
those of the two itter, were much higher than the rain-ganges;
it was believed that a deduction of 10 to 20 per cent, should be
mde from these figures, to obifnin corrsct results, The inaccessi-
kility of the surroumding hills, which were thickly clothed with
jungle, provented wain-ganges from baing established on thom.
The Author was to be congeatulated on the general design nnd
wrter-fightness of the weir, though it appearved to M. Bruce
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that the cutlot-worka might hawe bem medified with advantage; ife Broos
for exsryple, by malking provigien for she ficture of temporary
extornil slnices, to enabis the worldng sluices to be ropairved in
cinlof noed, a5 had been done at tlhe Sinineés resovvoirs, The
iton stand-pipe in he valve-tower appesyod o be somewhat
nnneepssary. 1t would hove bemn an improvement had the puler
villve-chamber boen fransformad doto o scréempg-wall, a4 sxternnl
seresns were liable tor damage and provided o very small aees,
The prcm.utfnnﬁ token to protoct the tos of the dam from the
effects of scour by water Howing over it were wise, though the
impuet might have been farther reduced had the cuter fasy hoon
steppeid or rock-faced. At Tunsy, where of conrse the body of
water flowing over the porfion’ of the dam used us a wasie weir
wis much laxger, nullahs, 20 to 30 fest deep and 50 fo 100 feut
wide, had been eut by the witar, sud sooner or later probection
works srould beeome necessary 3 as alveady at oneor two points the
erosion had approached neaver to the foundations than was alto-
gother desipgble, Tha locking-bar pipe adopted seemigd to have
been in every respect the most satisfactory foem of pipe that
could have been used, as, in sddition fo svoiding the loss of strength
dup to tiveting, considerabls longitudinal stiffness wis imparted by
the bars. It would be interesting to know if the coating was prov-
ing durable; and if o perfoctly smooth internal surface had been
obtidned. Iu Amorien, where several asphaltic compositions luid
boen employed for codting steel pipes, they wern usually Lpked in
an oven to harden and improve the sorfece.  The Anthdr did not
mention whether yarn had been uséd in making the jomnts, ov if
naty; what method had heen adopted to prevent load from running
into the pipes. On the Glasgow witerworks, where the 48-inch
pipes were jointed with collirs of somewhat similar design, this
was affooted by means of internil rings, which were removed afier
the jolntl was run, when it was staved internully uws well as
extornully, Mhe reduction of dinmeter at the valves might have
been ecarriod even furthee with econsiderable advantage. M.
Bruee had for some years employed 24-inch valves for 48-ineh pipes,
g [8-ineh valves for 82-ineh pipes, small valves being cheaper in
fivsgt cost and much more assily manipulated, repuired, or replaced,
than those of the full diammeter of the pipe. Kotters formula wais
quite unnecessurily complicuted for caleulating the discharge of
Pipes, that of Durey being much simpler and more logical.
Applying it to this case with a eoeflicient of friction of 0003435,
the results obtained by the Author would appear to be about 18 per
cent, less thar they ought to have been for new and well-conted
Pipes ; and it would be intevésting to know if there was anything
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iy, Bruee: i3v the roughness of theconting, or any (riction dus to (e projection
of the bar into the tross seetion of the pips, which would fecount foi
thigg, The following wern thie vesalls - of sote exporiments mads
by My, Bruee on the discharge of lnres pipss —

Haloyw
No. Diameter, Agma, Crlculntod Longth. Bitnntion.
unubity.
Liches, Yk, Par (lomt, Ml
1 44 Now 1 | O lnarow: Witerworks,
] 44 10 7 11 Bonbiay i
a Ha £+ & 14 3 i
4 i 24 34 i1 " 7]
i 24 23 18 16 " "
L 41 18 ] 14 7 "

V' R, 4 after belng dorapod.

The eovering of the pipes with esrth wounld appesr to bave
been 4 wise step, though the honks would demand constant
aftention fo prevent them from being washed or blown away.
Experdence in Bombay bind shown that where pipes weve Inid
below ground in dey earth, fres from salt or crgunic impurity,
they had remained for nearly 50 yuars proctically unaflected by
eorrosion | whoreis othars laid nbove ground had been more or less
attacked inoa quartor of that poriod.  They alse required frequent
enulking, owing to the expanson and contraction due to virintions

of temparature,

Cuperste lining on slopes, such as that employed

in the sarvies- and regulating-roservoirs, was nsually found to give
trouble, ithough it was possible that the system of reinforcoment
addopted (mght suflice to prevent the tendensy to crack owing to
alight subaidence, which gﬁn&‘r‘nll}' ocourrad sooner or luber, Tlad
the floor been wsphalted the thickness of conerete might have
been safely redusel to about B inehes, without danger of leakags.
Mr Orowull,  Mr. Fosven Orowiin remarked thit the Paper, besides being
an instroctive veeped of excellent work, contaiuesd useful sugges-
For axnmple; the fiets citad in remud
Lo the faults diseovered in the rock bed at the site of the Helena
weir showed the meagre value of preliminary borings and trial-
shafts as indicators of the conditions of any rvock formation, with
roforenes to its continuity and raliability for the purposes of a
dam, This wag a not infvequent experionce, aud had been
marked by many striking exawmples, o prominent one being
the New Croton dam, of the New York Ciby waterworks,
recently completed, where extensive and  eaveful  preliminary

tiong of genaml hearing,

explorations

lied oo

mindey Lk

whier

areat:

diseiopanoios
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had been disclosed later by the ecomplete oxenvations.!) Tt
might he set down almost as an axiom that the saitability of a
particalar rock formation for the foundation of a (dam eould not
be known definitely until the final excavations were actually
made: nevertheless, it was customary for engineers to pr.}c.us.rd
with the design, make the preliminary estimate of eost, and
wward the contract, as if the boringe and trial-shafte were guite
sullicient, trusting to luck or depending on judement as to
whether  the indicstions were comprehensive, If  afterwards
serious geologieal faults were disclosed by the excavation, s chanee
or abandonment of site might become neeessary, or at losst
desirable; but usually in such enses one of two comrses was
adopted, either going deeper—invelving increased quantitiss and
vaat, and perhoaps disclosing new diffienltics— or resorting to some
maore or lest unsatisfactory artifiee with attendant risks, Guided
by past experience, he had adopted some time ago a rule to assign
anly nagativa on tontative valoes to preliminary bomings ; that was
to say, the absence of rvock would be a positive indication of un-
suitability; but no other indications would be eonsidered positive
until corroborated. Careying owf this principle in  preparing
Plaus for o masonry power-dam at 5t Joseph's, N.Y,, in 1903,
suliseqnently built under his dircotion; he had deeided to astertain
actual conditions by mmeovering a large part of the propesed site
down to bed-rock ab the owner's expense, before completing the
plans and specifications or inviting tenders. There had begn
gpecial reasons for precantions here, owing to the fact that the
Proposed structure was fto take the place of a former dum which
hail failed becanse of defective foundations. Fortunstely, favour-
ihile conditions had been found: buot even if it had torned out
otherwise, the extra expense entailed in that contingency, re-
garded as insumnee charges agpinst o wuch prenter loss, would
hnve been amply justified, and he wonld advoiate a similar
Oowrse in all important enses, It was of interest to note the
growing co-ovdination of recognized engineering methods on
modern works, thronghout the world. Tt did not often happen,
of eourse, that conditions were precisely the same in different
countries; but, especially during the past few yeurs, it had come to
Pass that, given like general conditions; the trectment vesorted to
h}' ﬁng;.ub&l.u wuas apb Lo bie chrried out on Llunktly st guuum]
lingg,  Even in the details, and in the technieal terminglogy smployed

F §. Gowep, ** The Foundatlons of the New Croton D'’ Trnsaetions
Atirican F_.n_u-.il_tty of Cival E'u_l_;im_-m-uF val; -l B A8

Mr. Crowell:
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in deseribing results, the same was true; so that in reading and
studying in America this Paper, written of work earried out in
Austrnlin—which, to Americans, was one of the uttermost parts
of the earth—mo glossary was requived in ovder to wrrive st o
Full understanding; while the work desevibed wis  excellint
and up-to-date, if, indeed, it was not distinctly in ndvancs in
savernl respects. The pipeline was noteworthy, in respect of both
the use of locking-bar pipe, and the very ingenious snd elfeotive
canlking-maching; its- great length and high working-pressures
gave it rank among notable metal eonduits; und its very line
results, a8 shown in the Paper, wera matters of congratulation to
designer and maker alilte. The discharge-capacity of locking-bar
pipe compared with riveted pipe of equal dismeter, us shown by
the tests, wos o meiter of greal inbarest and dmportanes, and it
was to ba hoped that the Author would supplement these tosts
from time to time with others, to determine the effect of use cn the
degroa of roughness and on the papecity. Tt would be agreed by
all inferested in hydranlie matters that theve was bardly any
subject conmected with the seience of water-snpply that was
a0 grently in need of relinhle data as was the question of Oow in
pipes; and the Coolgardie conduit, with its-arrangement of reesiv-
ing- and resuluting-tanks, afforded pecoline fecilities for malking
exuoel nnd relinbly determinitions, Theére wo a pumber of other
points, such as durability and progressive leakagh, pirmandnes ik
pipe-conting, ete,, which periodien]l tests would bring out, So fir
ns My, Crowell lmew, it was not wsual to pay great attenlion to
the prosiroment of sneh dafe s bob they wiiilel prove of gr.'l.h'!.t-
valoa if systematically eollected and published.

Mr, Witniaxw Famimy thought that the description of the
pumping-maokinery might have Dbeen enlorged with advastoge,
consideving the voery fmportwns et 16 played in the suceess of Lhe
works, IHwould appear thal, from the imbistion of lie schamiy
considarable undertninty was entertained ns to exactly how much
water would be token during the firsti fow years after the comple-
tion of the works ; the quuntity huving Leen put as low as 1 million
gallons per day, In thess cireumstances, while it might lave been
ndwisghla to constroet thas donduit to the dimensions necessary o
deliver the full quantity provided for in the scheme, the necessity
for providing the pumping-machivery on s similar scals was not
apparent from the information given in the Daper, In the first
four stations there were provided three units, each approximabely
of 800 HP, snd ogual to one-hall of the roquived copaeity, with
owe of the units, or one-thivd of the totnl power, in reseve
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Boiler-plant was provided on a similar seale, und this areangement
appeared . to give n safe reserve and to be particalnely suited fo the
ease, In the remaining four stations, however, only twe units
were provided, each equal to the required full copacity, one of the
units ' being apare, with boiler plant similar.  Thoe reason given for
this ynriation was that economy was effectad by having the whole
of the stesm ends of the engines to the same patterns, thereby
redueing infiftinl ontlay and the number of spare parts to ba kept
in stoels: but in a scheme of such magnitude, where about twenty
sets of engines were required, sufficient saving by having one size
of engine instead of two or three different sizes, was not apparent.
Cortainly from the engine-builder's point of view it was convenient,
and might mean not only that he realized soms little economy in
vonstrueting in the shops, but also that power considerably above
setunl rvequirements had to be installed in four stations. The
Advantage of having all spare parts to the sune standard for eight
Stations, spread over 300 miles of country, dil not appesr to
counterbalinee the serious expense in providing additional engine-
and boiller-power. 1t did appear that if three units, as in the flrst
four stations, hnd been provided in fhe manaining four, giving each
station one-thind reserve, a very considerable saving would Lave
heen pffected ; and in any cise the smaller units for pumping and
for steom-generntion would huve lent themeolves moro readily to
peomomieal working in the early yoars, shonld the demand be less
than orviginally estimated-—which My, Fairley understond was the
case in this instanee, Instoad of G068 HP., ng shown provided in
thie Paper, 5,463 HP, would appenr to ba suificiant if two standard
siges had been adopted instead of one, The diffevance, at £48 per
HP, amounted to about £29,000, The practics of putting down
two unita; each equal to half the maximum demand, and adding
the reserve third as soon as required, would appear to be more
sconomienl, and might have been applied in this instaness thers
would have been considernlle saving in the dapital cost and alko
no difhenlty in adding further pumping-power as requived i the
future. Om p. 42 the Author mentioned that the fead-water was
pussad threugh a heater placed on the exhanstipipe leading to the
tondenser; M, Fairley would be glad te koow if experience had
shown ‘any guin fvom this armogement.  Also, had the Author
found any diffienlty in keoping ench pumping gronp deing its
xaet smount of work, due to the tendency in this type of pumping-
fnging to run short stroke ¢

Mr. A. Prescort Forwenn,of Easton, Pag remavked that, while it
could hardly be questionsd that the yield of ench eutchment-uren

Mr. Talvley,

Mr, Folwoll
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wis o law unto itself; it was also true that watersheds similarly
located had many eburacteristics in eommon ; and i view of the
apparent similarity in several rospects hetween the Felonn hasin
sl many of thoss in the sonth-westorn P-u:t of the United St’.:Ltj{!ﬂ’ iL
brief statement concerning these latber might be of interest. Along
the Pacifio cosst of Southern California ran n range of mountaing,
east of which lay about BO,000 squave miles of eountry, botwoen
4,000 faet amd 10,000 feet above gea-level, whicl had a mean annual
rainfall varving hetween 2-8 inches in the south and 7 iuches in
the north, with an otcasional yenr of practienlly no rain us all
As an illustration of the yiold in this region, in 1901 one aroa of
4,000 siquars miles yislded 00-185 inch, and two others; of about
23500 square miles each, yielded 0-246 and 0-2785 ineh, respec-
tively, In the mountainous region o the west the mesn rainfall
variel between b inches and 80 inches per annum, and severad
reservoirs were located there, Typieal of many of these was the
Bwestwater, which was potalle in possessing faivly complete
racords of rainfall, evaporation and yield on the drainage-area,
duting back to 1888. The minfall and the ratio of the yield
thereto were given in the following Table, the years extonding
from Heptember to August melusive —

Rammyary anvp Y1rrn on meE Swiknway e CaromsesT Baans,

v | st RO yer | nasan |Ssmori
Inclisa, Per-Oepiit, Tiwelapa, Pur Conl,
1888-580 21-00 13-000 1806-07 24-01 2+H70
1559-90 2571 14000 154788 15-18 0-003
1890-91 Z3.40 000 15%5-949 18-51 D=135
1801-82 17+14 4000 15901004 16-10 0
1863 2000 H-000 1500-01 2385 (468
1503 -94 14-76 1-000 100102 2420 0
189485 27:14 251000
1506-08 1654 0+517 Mean 20-05 5-5A

Practically all the rain fell between September and  April,
or during about the same length of time as the rminy season ab
Mundaring: and ‘3 was ssen £6 bhe approximately similar to the
rainfall there in both guantity aud variations. The percentagé
rutming off, however, ayeraged almost five timos ae much ns at
Mundaring. In Iig. 35 the moinfall and the peramtage of yield
for each of these two watersheds was plotted, and a remark-
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abls  similarity betwesn the Fig. 35 axtia.ar Mp Folwell
bwop was evident, both showine asiweai b
what the DPaper veferred to, [ogms: LERAL
namely, that the ratio of yield a2 J“l;
to rainfull was even mere vari- ser—Mf iz
ible than the minfall ifsslf ; ..7/ \ 1 -i
alsn, that extremes of rainfall a4 %
werg likely to be fecompanied .".-f { ]_
by still greater extremes in ihe - . \
vield-vutio, the matic-curve al- z|\ o
wiys moving in the same dires- [1\e]
tion as the mainfall-enrve. At | fil ;:l e
Mundaring, howsver, this ratio | \,
had not reached zero, and it was W : 1A
to be hoped that it might never = N —le-6%
o s0; 1:.\111_: in all the dry regions 558 53§
of the United States suchacon- 2 =2 @ = & &

WMUNDARING IB87=1802

dition was likely to occur more
or less infrequently. As om
the Haolenn, the high percent- | |
nges of yield wire due to | /]
beavy storms, during which one- i / Y
fonrth to two-thirds of the entire 3
geason’s wainfall fall in 2 or 3 £
days, The last seven seasons N
on the Sweetwater conveyed o ‘\% th
lesson whichh would not goon le IL— DBk
forgotten in that country, for in  ——=T -
only one of theso had the yild § 58 § 8 § §
oqualled the evaperation from o
the reservoir (anmually 15 to
20 por cont. of the resorvairs &
capmeity), which had conse- |

L !l\ 24%
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\
\l

quently been almost entively

] f B 8
P

—
[

bmpby for 4 years, although

having a capacity of about ] o

thiree times the consumption, '*[%g] Y V %

It was possible thut the appe- '® '_\!;; T i ./ﬂ F s

Peol similavity botween these e / (A%

b0 cases was but superficial ; N | i

but i net, the storiges allpw- e

inte gt Mundaring, equal to E 2 2 B o= 5 = a
SWELTWATER inpa-10Aas

b -
= yohd! eonsumption, was nob
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Mr. Folwell, only not excessive but might prove di.-sﬂstrmlsly small, and the
drainage aveq itself insufficient, ns the Author considered it to be.
Caleulntion based on Figs J (pe 12) and Table TV, of the Appondix
showed  that the Mundaring reservoir: would apparently lose by
evaporation about TEN,000,000 gallons per annwm when full, and
whout ene-fifth of this amount when half full, If it hod been full
at the boginning of 1001, and if the daily eonsumption had been
5,600,000 pgallong, it wonld have been lowered during 1901 by
about 1,267,000,000 gallons, and durmng 1902 by about 185,000,000,
leaving less than  1,500,000,000) gullons o tide over a possible third
dry year; while two msccessive years like 1902 would completely
empty the reservoiv. It would seem probable; therefors, thal the
feurs of the Author were well founded, and that a study of the
ruindnll and yield of this and adjacont basins should be coutinued,
#0 fhat hefore the eonsumption reached 5,000,000 gullons por duy
definite plans for increpsing the stornge, and espeeinlly for inevansing
the yield, might ba decided upon and carriad ont,

Me Prerfos, M Javes H. Fuoinres observed that the yield of strenms
depended primacily upon minfall; yet, under ovdinary eonditions,
the fuctuntions in yield miglt be in no definite degres nropor-
tional to the doctuations in raintall, So far as actual sates of fow
were econcerned, ench stream wos o low unto iteelf. Two streams
with similir gpdjacent watersheds, with the same annual eainfall,
pnd with apparently idemtienl eomditions in all vespects, might show
wide differences in ordinary rates of flow; and attempis to deduce
actual monthly flows from rainfall-records could in most cases vesult
only in rough approximations, Ukely to be in eor by anything
betwesn § per eent, and saveral hundred per cent., the likelihood
of lurge svrars in the pereentige being graitor with small than with
laege rainfulls, Within the limits of the United States theve existed
meteorologienl and other eonditions, which, in difierent losalities;
comspired to produce stream-flows nging from proctieally the entive
rainfall to proctically nothing. The Yakima River in the nosth-
west, for instanee, had a normal yield considerably in exeess of the
novmal rainfall, a3 rveported, the exesss beineg decived from the
melting of the snow in the high mountuinons vegions, Om the gthet
hamid, thers wers streams in the desert lands of the wast which were
practically dey throughout the preater purt of the year. While the
conditions indieated by (he vory low yield of the Halena River and
ita trilnitaries wers avtroma, they Lad been approached by cortain
viverd in the United States; wud in one ot least, the Cimarron
River in Colordo and Kausas, the annual vate of off-flow had been
vory much lower than the Helonn gangings had so far indicated.
The Cimercon (with w watershed of 3,900 squire miles) iif:}i'!]'lri]"gﬂd
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in 1846 only 0-004 inch of minfull frem s wialershed, this being Mr. Fudrion
anly one-tenth the rate of flow shown by the Helena in 1902,
Eimi]:wl‘}" in 1890 the Arkansas River at Hutchinson, Kan., with a
witershod of 84,000 square miles;, pave n yield of enly 008 inch
af rain, the avernga rainfall over the watershed for that year being
abont 20 inches. These wide variations in rates of How showed,
ng the Author stated, the extreme caution necessary in estimating
strepm-flows in dey counbries, where important works would
depend for their usefulness and efficionoy upon the water collected,
The most important peint for detormination, in countries where
the normal )‘il&].l! was small, was the mmnimum aonual fHow
tn be expected for difforent annunl minfalla below the novmal,
In such conntries the amount of storngs necessary was usgally so
gront that getual minimum Hows, or minimum monthly fHows, were
not of much significance.  [n some eises (b was also important to
know what the minimum annuoal Qow for twoe or even tlivee
successive yewrs might be. In arid countries it was not unusual
to have two conseoutive years during which stream-flows might be
extromely small, For imstance, in 1806, 1807 and 1898 the total
annual flows of the Avkansas River at Hulchinson were respectivaly
equal to but 0-06, 0007 and 012 inch of rainfall on the watershed.
Viewad in the light of the gaugings guoted herveafter, it was
thevefore quite probuble, us the Author suggested, thnt the 2 yous'
storage originally provided in the Mundaring project might not
prove suficient, with the present watershed, to tide over a eycle
of dey yoars and to afford 4 constant daily supply of 5} million
pullons.  The aonmual precipitation and its seasonal distribution
appeaved to be the two pringipal fnctors determining the annual
yield of strenms; und, of the two, the seasonal distribution nn-
donbtedly had the most divees elleel.  For instance, the flow of the
Miuskingum River in 1888 with 42-6 inches ol rain, was 10-3
inches from the watershed, while in 1803, with 42-86 inehes of rain,
the yield was 16+2 inches, an increase of 57 per cent. with a
slightly snallor rainfall, In the first casa about 20-5 inches
uf the tomal precipitation oeenréed during  the months June—
November inclusive, and 17 inches in December—May, while in
the second case the conditions were veversed. The only other
condition apperring to exert much influence on  the  yearly
flow was the relative capoacity of the watershed to absorlh water,
and subsequently o give it up with a comparatively small gvaporn-
Live Joss, Dense forests and abpormal ground-storage seemod to
be favourable to such conditions, for numerons ohservitions sup-
Ported the view that from areas covered with large dense forests the
2
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Iir, Foertes, yield was uniformly larger than from those notse protected. In
arder to ghow this effect, however, the forests must bo go thick as o
afford dense shads, to maintrin the atmoesphers near the gronnd in o
moist condition, ot a compumtively constant temperature, and to pre-
vent the winds from blowing over the ground 3 ordinary patohes of
forest-aren, second growth, or gorubby timber and bushes, had practi-
eally no effect towards inevensing stream-flows. The foregoing
remmnrks spplied, of couese, only {0 total srmaal yield, snd apparenily
the size of the watershed, and its gaclogical and topographical featnres,
hind little effect on that yield, These views were substantisted
by the following data (p, 101} réliting to the annual Hows of several
vivers, 'he yields tabalatod were thesmallost recordad flows, resuli-
ing from the stated annual rainfalls, which appeared in snch vecords
a5 had come nndertis notice:  For mstance, if on any stregm o rain-
fall of 42 inehes ceourred in several diffevent years, giving diffavent
yiclds, that year had been selected for tabulation which gave the
smallest yield, if it was unusually low for the given rainfall; if
the fow wis not anusually low it had not been tabulated. Thus a
given strenm might appear in the tabulation only ence, or it might
appear seversl times; The yields tabulated wore not necessarily,
fhoratore, the minimum flows of the verious stromme; For
instanes, the yield of the Muskingum in 1895, with a rainfall
of 29-84 inches, was but 4-9 inches; this, however, wis a
ereater relative yleld than 10-3 inchies in 1888 from o ainfall
of 42:0 inches. For thie particular streom npene of the ammual
flows, with the exception of that for 1BEB, were extraovdinarily low
in propertion to the rainfall, The 18BE gausing alone, therefors,
liad been given. The tabulation included rivers with water-
sheds vanging from 180 square miles to 54,900 square miles in
aran, and af elevations varying between the level of the sew sad o
general pltifude of 6,000 or 7,000 feet above senddevel, In mean
annual témperatore the dismics represented varied between 407 IF.
and sbout 65° Tl and o wenn annued rainfall between 10 inches and
55 inches. Topogmnphically, newly every econesivable: type wis
exemplified ; rivers in mountainous districts, in deforested plains,
in ordinary rolling country, in avid deserts, and in flat country
detted with lales,  Streams from heavily-forested aress, in the
E@IEE lymviqusl}t deseribed, were not included in the tabmlation,
thors, being very few streams issaing from sach districts 1 the
Thiited States for which long-period gangings wers available
Sinee in most ooy whess steam-flows had tor b estimatad, only
rainfpll-reeords  wern available, all such estimotes must e biyseed
an compirizsons with other strenms which lind hepn spuged, and. i
order to render such comparisons of value, the natore of the steeime



Procasdings.] CORMESPONTIENCE ON COOLGARDIE WATER-SUPPLY. 101

Excrrmoxanty  Smarn  Axwvarn  Staess-Frows  Hisvomseg ypod  CaRTAYS, M Foortes

Axsvan Rlxsvaves, o Vanious Warnnsnzps,

Sirenm-tows oxpressed fn Inohod of Eaininll runoing of (rom the Witerghed
durimge the Yeur.

River. | Detinago Avoa| Rafutall | Vil | Year,

Sgunre Miles, | Tnches, | Inchaos,
Avkansae, Hutchinsan, Kan, . . | 34,000:0 203 906 1504
; W i B Mt p:12 | 1898
it Rocky Tand, Cols . o 11,4400 185 01 fig 1508
Browd, Chclton, Gie. « + 4« 762:0 | H6e0 274 1508
Clitirron, Arkalon, Kan, T B,200:0 | 15:0 0-004 1580
Uibilosseccantes, CGordiner, Me, | 280-0 i7-0 14+0 1562
Laka Cochituato, Mage, . . . 180 16+10 148 1574
Ty & = moSeT 150 415 158 1864
i ETl i3 i - a - 159 bl Rl 200 1561
" " " A S 180 580 Pk g || 1BET
W 1] W . & a w 180 505 a4 15056
1 i e * % % . 18:0 o4-0 an-5 1548
" " ” S 159 Gi b a0 1563
Crotan, Crotan Dam, MY, . . . 3390 478 1798 15871
* o = W a3900 b6 0 251 1852
" n 7] 1) CTRR T sﬁu'u -3 DR0 1808
(5 ¥ ET] i . & . _339'0 003 32'3 15538
Desplaines, Miverside, 1. . . . G- HEERS 440 1895
¥ kb % A Ga0e0 a3h B0 1805
Elkhupny, Noefolk, Neb, . . . . 24740 25°1 004 1887
Geresee, ML, Mocris, NJY. . . . 1, 0000 407 12:80 1544
Groer, Pnke, Tah .. . . . .| 38,200:0 12:0 250 1897
Helona, Austmilin. o & = o {000 108 004 1904
- » 3 g o cmae Gbwe0 24-5 008 1807
i " : == n6Y-0 -0 0-17 1801
5 2y APRIE S G690 | ‘wpea 0-23 184
. " s T TR 808 0-48 1808
i i = W wiiws ome 0w LG 0 33-3 1+16 1800
0 o below weir . . a0:0 460 2:80 1884
kL . R - a0l J60 360 1401
o G R = 80-0 400 §+40 1800
Jigmnes, Buchnnnty Vo, o« o . . 2.008:0 419 108 1804
deffersan, Sappingrion, Moat, . . g,4983°0 180 034 1898
nane, Lawrenoe, Kan, e 5, 581-0 Si3-0 -5 1598
Muslcingum  Zancaville, O, s b, 8930 426 10-3 1R88
Mystio, Moss. . . . . AT 2l nid 16-3 1805
Neshuming, Forls, Pa, . % 1308 444 16-4 1804
s ] a - W W e 138-3 670 45-8 15589
Oemnlyee;, Mapon, G, . . . 2,89500 | 600 15-4 1845
Perkicmen, Frederick, o, . o . 15a0 497 174 1546
" " T 1520 48 a1 1880
Potarise, Great Fulle, Mil. S 11,8300 611 16-3 1354
Progumpicott, Sabago Lake . . . 470:0 | Ba-2 | us-m 1888
Rio Graude, &, Marcial, W3 . . 25,0870 100 R T 1594
Smoky Mill, Elsworth, Kan. . 7,0800 50 012 1807
i e e = E 7 080-0 45-0 0-18 1R0E
Solomon, Wiles, Ken, . . . . 68,3150 450 0=24 1388
Berigtl 'Pfattu, Denvar, Ool, . o . 8, 840-0) 116 051 18494
Sudbury, Muss: = o s e w0 150 Hh 166 1803
et 1" N el ey 50 521 28 1808
Tomnlen-Paoc » & % e b 1032 450 42+ 15880
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iz, Fuuries, vawd for comparisen shiould be known. It was praper, therefora,
in order to rendar the foropning datn of practical value, to stito
briefly the genersl characfer of the watersheds from whiclh these
stranms Howed.  In these descriptions, the term “ doforestad ' dil
nob nacessarily mean entively devoid of vigoetation, but réforrod to
wabersheds which might contain o considerable amount of forest-
aren, if open, or seatterod in patelies, as alveady explained.

drkunsas, fivpe, wbove Hutehinson, Ran.—Practically totally  defoiessed.
Rll-‘l{uh iy mountadng of l.'.'rr'irmu]n, bt principnl part of walershed o the rolling
,';JI'-'lil'iﬂ-'* of Colormida and Kansas, Sinee 1887 large quantitiea of witer lmve
hean diverted at the: hoad-witors i Colomsds for frrigntion in that State.
The eifoct of this diversion, while sipnificant, will nob avcount entirely for the
vary low fiows. Not u very lirpe percentage of wutershed under oultivtion.
Mostly ranges, Elovation genoradly from 2,000 Lo 3,000 foet nbove sen-levol.

Cianarran Kiver, nbove Akalon, Kan—Totally doforeated ; at fimes dizappoores
i ground by percalation ot parts of its eourse, resppenring sgain above Arkslon,
Hate of flow emnll and generally without much {luclustion. Whtershed
Tigs 3,000 to 4, 000 feet above uuu.-ievel, and ix ].u.rg]ﬂy Aevotad o oattlo-rnliss,

Culbdossereonios o P-rmm;rmm Rivern, in. Miine —Watershods rtnnl|mrﬂ.1.i1‘('.'[_‘:‘
flat land, lnrpely covored with more or loss open forests, but Jargs perventage of
expoied watir-surface in lukes and ponds ;. abiout 500 feet nbove se-Tovol,

Cockatuain Luke, in Musschusetts.—Similar to Sudbury, bur a muach Inrgur
perceniage of water-aurfase nnd msreshy land.

Crotar, River.—Much broken with bigh steep lills; considemble secomd
growth and open forest-lands iu south-esstern New York, shoot 500 foct above
sei-dovel,  Fuir proportion undes cultivaiion,

feaplatnes Riter,—Daforested  rolling.  podries in Diinais 3 consideralila
enltivited arcas,

Fliheyn, Kanges, Smaky T, ond Selvmon Rivers.—Slroame i0 Kumss nnd
Nelouskn,  Rellivg ' praivie countey, tolully deforestod., AN 1,000 b0 2,000
frat ahove sod-level.  Watorshed 11m'ﬁ1y in Jusatiarn 1uudr partly ander culti vatinm.

Glencres  ftfver, ahove Mt Morris, N.¥.—Haolling hilly eountry in New York
und Permsylvanin,  Considemblo timbey on portions of watershod and s good
deal under gulbivation, Mestly good firming.country.  Gonoral clevasion
1,000 to 2,000 feat above fe-level,

dipeer. River, nbove Blake, Ttah.—Deforested ; vises in Hocky Mountaing in
Wyoming, fowing south to jein Colorudo, Watershod sbove Blake, 6,000
Lo 7000 feet above ses-level; gonomlly rolling clewvated plitesus;  Vallewe
gonerlly iy witle nnd flat, amel frodquently deeply deprassed below (he eleynted
talile-laruls,

Sogmen Hiver, whove Duchausn, Ve,—ln mountsing of Vieginls, Gonol
wlovaiion 1,000 w0 2,000 ot ; hills and mountalns quite genesally covored with
posbnd-prowth timber.  Small praportion undde eultivabion ; Aeveral Tpoasd tat
vallars, amounting to peclngis 10 por cent, of wateralied, dutivelyr dered.

Seffrrson dtiver, nbove Ssppington, Mont.—At head-wators of Mizscuri River,
in Mombay in wouotaipous conndiry.  Conafdesble thober and fafr proportion
of apan wide \'ullugs:_ Gleneral elevation 5,000 to 7,000 feot aliove waa.lievel,

Muabtgam  River, above  Zancsvilly, O.—Deforested.  Rolling  praivies in
somtbhseastorn Ohio 3 a good portion ander celtiation, mostly farming-country,
abowt 1,000 feil abuve fes-loval,

g 'nmn'r Rivde—=Tn Mussnelmsstis H&um'nll}' il to Budbory:
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ﬂ'u::efm'.!rh.gf,u, Perkiomen anad Toafiokon (i -.".r.-—.-hh- ﬁljill,u‘ wilershels in DPapon- M, Foorfis,
Spbvani ;- dofovested  emingcountey in polling Lille sbout 500 foot above
atta-luvel 3 wbous 25 milles froom Philidelphia,

Chommdger Biwer, whove Macon, and Hrowd d@idver, ahove Carlton, —Strenns in
Geongin,  Copsiderble thoher-lund on  waterslieds, but wot sufficibntly dense
be vt strenm-flowe ngticenbly ; mostly relling eountry 500 to 1,000 foct above
su-leval,

Potuutere River, above Great Talla, Md, —Genemally wountainous wod hilly,
with broad open valleys comsiderable proportion of valleys undoer cultivation ;
moantuina linzely eovered with opan timbor,

ffa Gheenele Soteer, nliove S, Marcinl,—Deforested »  head-walors rising in
vigunfuing, Moro or los fubered land alung stroam and it tefbutoriss,  Large
part of wotorshed in orid phing.  General clevibion of  watorshed about
8,000 fuck, Some trrigated sceas in crops, bub most of the oounlyy wilid,

Soith Plartd Riser, above Danven, Col—Deforeatad § rises in Rocky Mountains,
Sometimos poed entirsly dry, Lower pert of watershed in rolling eountry,
Waterahed goherally mountainous, 000 to 8,000 feot wbove seslovel,

Sudlry River.—Deforested 1 rolling farming-country in Missachussbis,

For many of the streans cited vesorls of rainfall and yiald had
not been kept for a sufficient length of time to give a reliable
statement of minimum moenthly ordaily flow. In the form in which
they wern given above, howover, tho data might be of service as a
puide in forming o judgment as to probable minimum annuel Sows
whers similar conditions might prevail. Tt would be noted shat for
wmogh eates of precipitution few of the streams had reached their
probable minimium  yields, The Croton records, for instance,
extended over nearly 37 years, and the Sudbury 27 years, while
the Coohitinte rvecords wens back to 1863, Ths Cochituate
in the sixfies, with very heavy rainfulls, showed sbuormally
low yields, us compured with the yields for 1808 ; from which it
might bo implisd that, if the Croten and the Sudbury had been
gauged ot the stame time, lower flows would have been recorded
for eimilar minfulls than had since boen renched, Tt must be
borne in mind that for rainfalls of less than whout 40 inchea
most of the gangings given covered but shorb-time obsirvations,
many of which extended over only very few years; and some-
what smaller relative flows imight be expeetod than those
shown,  In dealing with sueh statistics, the attempt to deduee
the laws governing the observed phenomens was 5 fascinating
study, but Mr. Fuertes felt that in the present stato of knowledge
1t was better to aveid such temptations, und lLienve ho was content
with merely amanging the few observations which had eome
tunder his wobics in s form convenient for comparison,  In rewding
over the Author's wecount of the construction of the conerete dany,
or weir, Mr. Fuertes had been much impressed with the fact that
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daily temperpture-chnnges of 607 F, to 707 1, were of common
oecurrence fur ab léast 0 mooths of the year. Thiv miehi have
bl something to do wifh the abstnoe of subsequent caucks due to
changes of tempernture, In cold climates monolithic masenry or
conerete dams nearly always developed erncks in the upper parts
on the advent of eold weather, Conerete expanded and eontracted
about theé sime amount, for equal chunpes of temperature, as steel ;
but while stuel had snffiient, strength to resist such. steains, if
anchored st both ends, conerete of proportions suitable for use in
dums had not, being, theoretically, ouly alde to stand a fall in
temperature of sbout 13° . below that st whieh it took its finul
set,  This consideration would indicto that in large dams as
much of the concrete ns practicable should be luid in coul woeather,
A new wotorworks developmoent for the City of Lynehburg,
Vit placad under construction abiout a vear ago, included a4 pipe-
Lne 21 miles long and a concrete dum aecross Pedlar River, o
tributavy of the James River. 'Uhe present plans wers fora supply of
8,000,000 United States gallons' per day. The pips-line traversed
very broken couniry throngh which hauling with teams wid expen-
sive, and, at some geasons, impracticabls, exeept for very light loads ;
this eonsideration had had mueh o do wikth his recommendations
asto the methads and materials to be used in building the pipe-line
As pow under construction iv was a composite line, 30 inches in
intornn] dicmeter, consisting of about 18+8 miles of wood-sfave
pipe, about 1 mils of cast-iron pipe, and 1} mile of steel pipe.  All
strnight portions of the steal ling were of locking-bar pipe similar
in construction and o detuls of joint to thut used for the Cool-
govdie ling, eweves being made with rivetod steel specials. The
ling had many summits, as would be understood from the fuct
thil eighty-nine sir-valves, four sund-pipes to el the static
heads snd limit the hydeulie gradient, and two pressuve-relief
valves, had been E.II'DVi{lEll in the 21 miles, Gate-valves, with
by-pusises had been placed in the conduit at inbervals of aboutb
3 miles. Where these ocourred af stnd-pipes they wera plieod
on the down-stream side of the stand-pipe, between an air-valve; or
eluster of air-valves, and the stand-pipe.  Air-valves weros pleed
ench side of the gate-valves at all places in the main condnif
Giate-valves Jocated betwesn the stind-pipes pevnitted securte
regulubion of the flow, for any desived debivery, swhile maintaining
the conduit full, under pressure, at all points, There were thres

1 1 Unibed Btubes pallin = 0-53831 Imperial gallon;
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tunmels on the loe, with an aggregate length of 2,000 feet; in all
tunnels the roofs and side walls were to be lined with concrele,
nnd the pipe was to be built continnously throueh them. Whers
the line cressed the James River, and at certain other important
erossings, us well a8 in tho eity ﬁi.nmfs_. heavy east-ivon pipe was
bt be used ; at all other places wood-stave pipe would be employed
for heads up to 200 feet, and steel pipe for all heads higher than
200 feet. The weod-stave pipe was built in the trench, working
simultaneously at different =ections, and joining the different
sertions of eompletad pipe by springing in staves cut about L inch
longer than the spaess to ba filled. The staves wora of Californin
redwood, in lengths varying between 10 and 22 foet, and averaging
15 fest, nobt more thun 10 per cent, heing shorter than 12 feet,
They were of perfectly cloar stocl, and only timber frst-class
and sound in every respeet was accepted.  The staves were hronglit
trom Californin ready for use.  Affor arrival at the nearest railway-
station they were inspeeted, then houled out to the line of work,
and distributad along the trench in piles about 3 feet wide and
3 feet high, special efforts being made. to have the staves built into
the pipe a5 guickly as possible after rlplivgry It was impossible
to. get perfectly dry stock, and when the staves wers pilad whern
exposed to the sun and wind, the ends were apt to split and the
it snrfnces to splinter more or less;, Al the stock had been kiln-
dried and was what would be ealled well-sénsoned, Tho pipe wis
coversd gver as soon s possible after elamping up the band, Tha
staves wera dressed from 2-inch by €-inch stuff, with outer and
inner surfaces true to the proper curves, and were 1} inch thick
after dressing, Both edges were plane and mdial to the civcles,
but one had a vory small tongue left longitudinally along its
centre, about & inch wide and Yy inch high; nineteen or twenty
staves completod the circle. Where staves abutted end to end,
the joint was made by insevting n thin stesl plate, 1 inch thick
and 1k inch wide, in kerfs cut in the ends of the abutting staves.
This plate was a little longer than the staves were wide, so thut
in clamping up tho bands the enids of the plate would be jammed
into the sides of the staves adjoining, All the plutes were
eoubol with preservative conting of fhe Lind used for the
Iends and shoes. Fach band had s formed hemispherieal head
on one end and threads and nut on the other. The bands
Were made of homogeneous milid steel; having a  tensile strength
of 58,000 ta 65,000 Ihs. par aquare inch.  Eaeh rod was vequired to
bis mij:i,hlu af bﬁiug bent back fiat upon itself when ecold without

Ay, Faoried,
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ary Fuorted sign of fraeture, The threaded end was oot upsst, the threads
being cold relled, The specifications required the strength
of the leuwded end und the threaded end to be groater than
that of the body of the rad. The rods were shipped from the
rolling-mills, laid out straight, and tied in bundles of convenient
weight for hundling. Rods were faken from each lot st random,
and tested to destruetion. Before éoating, the bands were bent by
hand  around eiroulsr bending-tables, to give them neéarly the
proper cwrve to At the pipe. Hich band was then exumined
aireflully, cleaned and freed from rost, and provided with a not
and cut washer L inch thick. After bending, the bands were
wired together loosely in bundles of aboul twenty-five, and dipped
in o hot bath of melted ¥ Pionear Minaral Rubber Pipe Coating.”
This wns an asphaltie praoparation, a product of * Gilsonite”
mined in Utah: and a series of eompurative tests conductad
by him when sesking a suitable protective covering for the
hands and shoss for this pipe-line, had shown it to be practically
the only coating, cub of several tried, that vielded satisfuctory
results; Ile had given fthe subject mmuch attention, beeiuse
the life of the bands and shoes would determine the life of the
pipe-line, The shoes were coated similarly to the bands, After
copling and drying, the Tands and shoes wers distributed along
the line of the excavafions, and piled ap for nse. The piles were
examingd immediately after distribution, and all parts of the
coating accidentally marred or rubbed off during transportation were
repuinted.  After the bunds were on the pipe and the final clamp-
.i.ug complntarl, all the irenworle was then &g‘ain gone uver and ro-
touched, where the conting was imperfect, with a thivk eont of
Smith's dutable metal-coating. Tho shoss wera of malleable cast
iron huving o tensile strengtl of 40,000 Ihs, per square ineh, The
quality of the iron was tested cccasionally by battering a shoe out
fat with the sledge, and observine the action of the metal under
this treatment. Altogether, about 320,000 shoes wounld be used,
so that a difference of 1 cent each in the cost represented the sum
of $3,200,00 (£0657)., CQonsiderable care bad therefure been taken in
the design of the shos, to produce a form that wonld have the
neceesary strongth, end ot tho same times keep the weight down to
the lowest limit, without allowing the metal to boe less than ] inch
in any port. The detsils of the shoa as finally designed were
shown in Figs. 86.  Tho shoes weighed, after coating, almost exuetly
L 1b. each. They had proved wery satisfactory from a practical
point of view, us there was no tendency fur the bands to jrmy ok
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of tha shoes when turning up the nuts, nor for the points of the
shoes to dig down into the staves when the shees slipped around the
pipe with the tightening of the bands. Whenever the head on
Pipe was more than 60 feet the bands were spaced aceonding to
the Following formulas—
= 330 11D
s

in which N = number of bands per liundred feet of pipe; I = haud
on pipe io feet; = dinmeter of pipe in inches; 8 = permissible

Fign, 6.

: ﬂmﬂgs QF CURVE - ig: (T

F R et T . ¢ S LT e e

SECTION AA

A,

PERSPECTIVE VIEW

Stess on heads in pounils per sguare ingh of seetion; o = diameter
of bands in inches. In this easg, with 5 = 12,000 1bs. per Bl

My, Frortia
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mch, the formnln, vadneed to N = 3-3 H. Where the head was less
than 60 fees, the bands were spaeed closer toeether than the formul
would require; and in seeordance with the following Table :—

Hewd, 0—20, . . . . . . 108 bauds per 100 feet.
8 '.:.'] — i‘l'i 1] - . - - - - 111 EEY " " 1
a Ar=—3L Fo R e R wooom I
o oA=L o s e s BT W T T T
E] 3? — 40 " = - - " . . 154 7] i1 1] 1]
R ple = e R Ol O Lot 1. {1 wom o
n 40 =60 « vodow e s 206 g wooomn "

The entire pipe was laid under ground with o cover of earth about
2 foet 6 inches deep, Im placing the bands they were first strong
ovir the ond of the pipe and aceurately spaced, brace-wrencles
with a 6-inch sweap baing uszed to bring them quickly to o lizht
femsion.  While tightening the bands, the staves were esoporad with
wopden mallets from the inside, and tha bands were tapped lightly
to allow them to slip ronnd the staves as tightening proceeded.
The spacing-gang was followed by another, which eompleted the
clamping, using B wrenches with 10-ineh handles as o precaution
nguinst over-tightening, The shoes were stnggersd nocording to o
nniform system, and lay around the top half of the eireumference
of the pipe. Where woold-stave joined cast-iron pipe, special bell-
eruls 7 inches deep wore east on the iron pipe sl the stave-pipe wis
ingarted thovein, the joint being packed with oskom, ron with melted
lead and caulked in the manner customary in jeinting cast-iron
pipes. The 30-ineh valves also were cast with lurge bells, and
the juints were made in the same woy, At the crossing of tho
Jumes River the pipe was under a head of 410 feet, necessitating
liberal provigion of oir-valves in casel the pipe should be
ruptured  in the valley, Clusters of wvalves, with suilicient
capacity to prevent the reduction of pressure within the pipoe
frum exeemling wboat 8 s per sqoore inch, mmder the msi-
mum conditions, wors provided at the summits on each side of such
places. Vertical and horizental eurves were used, the minimum
radius adopted being 200 foot. No difficulty wes exporienced in
springing the pipe to this radius, the staves on the outside of the
curve being sledzed hack sndways to make tight butt joints before
final clumping, The great advantage wecruing from the nse of
wood-stava pipe of large sige, in the muabter of eost, wis exhibited
Iy the Eollowing aversge prices per lineal foot bid by the suc-
cossful contractor for wood-stave, enst-iron and steel pipes, 30
inches in dinmeter each, eected, but wot moluding:  exoavntion,
whieh was tendared for sepuratoly.  The prices for wood-stive pipe
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wore, for the staves, in place, and for the bands, per hundred M Fuoortes
bands in place. The average hewd on the wood stave portion was
110 feat, requiring 363 bunds par hondesd feet,

Per Linen] Foot,
$2240 (08, G4l
400 (1 6. k)
Q500 (202, 6l.)
$6-38 (284, 24)

Wond=stave pipe . . .

Hieel pipe 4 ineh thick . .
" 1" lr " " - “

Cast-iron pipe.

Bhoalire w

. .
= [} -
" *

TR

For higher heads than 200 feet it wonld be necessary to use
thicker staves and hewvier bands, For o wood-stave Pvin 1o be
suceessful, the hydrulic gradient must be  established with
great cave, so that the pipe would always be under eSS
at aoll points and for all rates of flow. If this precaution
ware noglected, the staves in thoss positions where the pipe was
only partially filled would decay rapidly; but whon such pipe
wis properly lnid out, and properly built, its life should be aqual
to that of other forms of condunit in general use. The advan-
tages M its use lay in fhe ease with which the muterials could
be transported through rough, broken countvy, the rapidisy and
simplicity of comstruction, cheapness, and the fact that the cost
varied with the head under which the pipe was towork, thus malking
it possible Lo chespen the c¢ost under small heads by spacing the
bands farther apuirh, Pipes of this typa had been used h\rg&l}‘ in
the western parts of the United States for muny years, mainly in
the development of irrigation-works ; and, when properly built, they
s Ij'm'q.'ﬂd eminently satiafnetory and durable. The oldest stave-
Pipe in use, so farr as he was aware, was at Wicopes, on TPishkiil
Creek, in New York Btate, where a mill-iome, 30 inches in
diameter, 300 feet long, banded with flat hoops, and built in 1850,
wis still o serviee and in goed condition. In connection with the
City waterworks of Denver, Col., there were meve than 100 miles
of such pipes, the first baving been lnid in 1889, Bhave-pipes,
bandad with round hoops and using shoes of the siyle sdopted for
the Lynchburg pipe-line, were the invention of Mr, €. P. Allen,
when City Engineer of Donver, Colorado ; and the United States
patants having expived, the invention was now pnblic property.
The use of wood-stuve pipe instead of cast ivon for the Lynehburg
Pipadine had involved a saving of about S550,000, nearly §17,000
(£5.485) per mile on the entive length, or $19,000 (£3.695) per mile
on the length for which the substitotion was mude,  This saving in
cost, ns well ns in interest and sinking-fund charges, would enabla
the town, in about 20 yeurs, to build o second conduit of equal
Capucity, thus doubling the supply, at a total cost for both lines
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of about two-thivds of the cost of # single ling of cast-iron pipe with
a capicity equal to that of one of the wood-stave lines, [T was ulso
claimed, as o resull of neasurements made several years ago, that
wood-stave pipes would deliver larger quantities of waler than east-
iron pipes; under similar conditions as to sizes and grdients; bub
he thought this point should not be given too much weight. He
congidered the greatest advantage of the woond-stave pipe in
respect to delivery to lie in its ability te confinue its oviginal rate
of discharge alter long usage, dus to the fact that corrosion aml
inarustation did not toke place, and henee a smooth interior surfucs
wits maintained.

My, C. B, Govszyr considered thaet, judging from the figures of
rainfall and dischurges for the years 18071002, it seemed doubtful
whether the sterage-capacity, enormons as it was, wounld be
sufficient to tide over three consecutive dry years, such ns 1897,
1801, and 1002 appeared to have been,  In Indin drought generally
oceurred in periods of § yeurs, and i the same conditions held good
for Australin, the reservoir would certainly need enlargement if
shortuge was to be avoided, The raanfall on the arcas immedintely
above and helow the weir, and the yiald from them, were
maore favonrabla than those of the large eatwhment-ares which T
nctually been utilized ; and it seemed to him that o substantial
saving might havs been effected in the initial outluy on the gtorige-
reseryvoir, and a more certain supply secursd, if the récommendation
now made by the Author, to extend eatchwnter drains into the
wall-wnterad nnid ql‘litli—ﬁ]lm]uiing aountny rtr&ining tnto the Helana
below the present weir, had been carvied out in the first instance.
A smaller veservoir would probably have sulliced. With vegard to
the class of pipes used for the supply-line; eomsidering the
enormons expendituve ineurved oo this item of work ond the fact
that the lite of thin steel pipes was compiratively short, it scened
open to question whether, finuncinlly, it had been a sound decision
to use thoge pipes in proference fo ardinary cnst-iron pipes which
had a much longer life under the same conditions, His experience
led him to think that there was no comparison between the two as
regrarded durability, The life of a thin stesl pips dependad to oo
large extent on the time the conting lasted. Once this was worn
through, the pipe soon corroded and became useless, In 1892 some
stieel tubes, * inch thick, were luid down on the rising mnin of one
of the pumping-stations in the Punjul where the prossures wore too
heavy for ordinary enst-ivon pipes,  Soma of theee pipes bad alveady
carvoded internally and had recently had to be renswed, Chlemical
analysis showed no acid in the water which would seeount for
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excessive corrosion. The tubes had been obtained frowi a fivm of Me. Goument,
good repute, and the costing had seomed to be in sound condition
when they were luid 18 years ngo. On the other hand, some cast-
iron pipes laid 20 years ngo in the sume town bad been taken up
recently and hai heen found to be in-un exeellent state of [rEERTVEL-
tion: Some fisures to show to what extont cast iron would have
bean more axponsive than steal would have been useful.  Tn India,
a8 aorule, imported cast-iron pipes, for the pressures for which they
wers suitabls, up to a working-head of, say, about 200 feet, eost Lul
lithle more than steel pipes, even in places in the Punjab where the
transport by lund from the nearest geaport was over 1,000 miles of
imilway.

Mr, Anrex Hazew, of New York, thoucht the Paper deseribod M Hozen.
comditions entively unigue in waterworks practice.  Probably no-
whera in the world had water been earvied so far, and at such heavy
expense in proportion to the quantity, On the other hand, the
nécessity seemell to huve bean greut, und to have fully justified the
prajent s and she undertaking wos an umunsnally useful one, Thete
were many novel points in the construetion;, among the most
intergsting being the use of an entirely new form of pipe.
LApparvently the weight of the locking bars nsed for holding the stesl
sheets togather was fully equal to the weight of the stoel reguived
for the lap jointsand rivets in ordinary riveted steel pipe, so that
there was no suving in the total weight, The grester strength of
the joint, however, and particularly the grenter smootliness of the
inside surfnoe, which resulbod in less frietion of the witey flowing
in the pipe, were substantial points in its favour, and would ssem
to ensura to this type of pipe o wide field of usefuluess. The leul
jouints provided ot short intervals must net as expansion-joints,
Ameriean riveted steel pips-lines were riveted continuously, and
American readers would question whether lead joints were really
neeessary,  Changes of 45°% or 50° T, in the temperature of water
and burisd pipos were common in the northorn United States; and
computations indicated that there would be no serious frouble from
the lack of expansion-joints, éven though the range of varvintion of
temperature were considerably wider than this. The uas of the
slpeves and load joints vesnlted in greater smoothness of the intevior
surface, however, and the arpungement seemed to have been con-
verient and satisfactory in this case, It wight not be so readily
applicable to the much lavger pipes which had been extenaivaly
used i waterworks in vesent years.  The impoimding-reservoir
wis in a Tegion with mueh greater eainfall than the vegion served
with water, Nevertheless, the record of yield indieanted that,
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generally speaking, even this région was at times exceedingly dry ;
and it appeared that to cosure o supply, waber must be cariod in
slorage for unusually Jong puriods, that: was, for 2 yooars and more.
Under these circumstanees, particnlarly in a warm and sunny
climate, it would seem, from Amervican experisuce, that the water in
this reservone would be sure fioo bepeme foml feom the growth of
algre and otlier small plants and animals. It would be interesting
to hear what the experience had been in this respect, The passuge
of the water througl the pumps, pipes and reservéirs would no
doubit tend s=trongly toh remove sach fastes and odours it they
existed at the source. The water apparently entered each successive
reservoir through a pipe extending above the water-level, and
o fell 1nto the reseevoir through the air. The woter would
thus be nernbed sucesssively b ench step in its progress. With
water passing through the pipe and reserveirs at the fnll nominal
rate, nbout 12 days would be required for it to pass from its souros
lo the point of use.  Under the present eonditions, with only one-
half to onecquarter of the full quantity of water pussing, a wonth
or more would be requived, and the opportunities for purifiention
wore such as did not often oeeur in waterworls peactice. Tha
tastes and odowrs which might be most troublesoms, and the
removal of which would be most likely to' be effected by this process,
could only be determingd by dirett observation, and thair presence
or absenee was not indieated by tha Tables of analyses in the Puper.
The cost of the work was swrprisingly low.  Although o lurse part
of the stecl came from the Tnited Blates, the cost would have been
low had the work been done thore, instend of on the other side of
the globe. The eomplotion of o large enterprise at g0 ressenalle a
figure, and in a way so satisfaetory in othe respeots, reflocted groat
cradif upon Lioth the enginesring and the business ability of thosse
who hnd had the matter in charge.

Mr, Fravs Hueewwe, of Glasgow, thought that while the Author
medified by subsequent comparisons his statement that the price
of locking-bar pipes was a lttle more than that of riveted pipes,
he did mov sufficiently emphaosize the fact that on the basis of such
comparisons the locking-bar pipe wis actunlly chenper. It hud an
ultimate tensile strength exeeading 27 fons per aquarve inch of
plate zeetion, whereas the best double-riveted joint only had an
ultinmte tensile streogth of 19 toons per squire inch; and
allowing the sune factor of safely for both, and adding 41 ineh for
corposion, the woight of the ong was not mere than three-quarters
of that of the other; moreover, owing to the lap joints and rivets,
thoe riveted pipe roguired to be TL per cent lovger in dinmetor to
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give the same [rictional loss; and as Mephan Ferguson pipe could
be made rather chenper per ton than rivebed pipe, for egqual effi-
eieney ns o prassurve-tnain, Ferguson pipecost about two-thivds the
price of viveted pipe. Tt would be noticed, from the actunl tests
desoribed on p. 27, that the loss of water throneh 205 miles of
mafn, including nine pumping-stations and nine large reservoirs,
amounted to less than 3 per cent,, allowing the full delivery of
& million gullons per dign; which spoke volumes for the efficienoy
of tho pipes nnd joints, No figures wore given to show the basis
om which the dinmeter of the Coolgurdie pipe-line had been deter-
mined, and as this was an important matter, il might be intevesting
b0 woalyse it. From Hguves given by the Author (which eonld,
of courde, have heen aseertained approximately when determuning
the size of pipes recuired), the cost of the pumping-plant, including
spaves, oreeted, was egual to £61-25 per horse-power.  The charge
for fuel at 32s per ton (Neweastle, N.S.W.), assumed to give 74
millions duty in every-day work = £19-71 per foot of huad pumped
figninst per snoum at & million gallons supply per day; and cach
foot of head eost £64-44 for pumping-plant, Hach 1 inch dimeter
of pipe cost erécted £(32.333, The friction through 307L miles
of pipes delivering b million gallons per day (5,472 gallons par
minute) would he—

Pilaseee
For §%:inch pipes, 1in 2,420 . . . & & . 671 feet
111
3l i JAWROTD: e o e e e TER -
14d
305 oa Tl A0 2 & o2 = o By
160
28 4 o LimcTERDLS o o oW a e e SR
215
28 5 w LA ERDIS W O a6 o w 3Rl

The saving in cost of pipes by reducing from 32 inches to 31
inches would be £62,333; while the loss by extra cost of pumping-
plant would be £64-443 111=2£7,153 4 oxtra annual cost of fuel
=£19'713%111=£2,088, which latter capitalized nt b per eent,, Th
per gent., or 10 par cent.=£41,760, £31.520 or, £20,880 respectively.
Thus the saving by reducing from 32 inches fo 31 inches weuld be
£02,333, while the loss would be, at & per cent. £48,013, at 7§ per
cent, £38 475, and at 10 per eent. £28,033. Similuly, the ssving
by veduction from §1 inches to 80 inches would Lo £02.838, and the
loss would be £66,968, £52,678, or L38,1858. The swving by
reduction from 30 inehes o 29 inches would be £62.353, und the
losg wonld ba £77.510, £60850, o £44.900, The saving by
reduction from 29 inches to 28 inches would ba £62,383, und the
[teE 1ms1. c.B. VoL, onxi1] I

My, Horlmord
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loss would be £98,6156, £T7485, or £36,235, Thus for a supply
of b million gallowe; and allowing 5 per cont. interest, the most
economical size was 31 inches, at T per cont, 29 inches, und
ot 10 per centi. 28 incles: The rate of intevest) to be allgwed
depended on the probabls 1ifs of the goldfields, wnd the probahle
lapse of time bofors the G-million-gallon supply was reguived.
Frum the Author's remuarks on p. 6 it appesred that the netunl
demand up to the present had been somewhat disappointing, and
that it would have been well to have allowed, say, 74 per cenk.,
and thus save £62,335 in the cost of the pipe; Lot otherwise the
sige ndopted appeared to be shout the best, allowing as iy did
ahout 6 per cent. interest. ITor a permanent town woter-supply
in England n 4 per cent. basis might safely be assumed, while
for an individoal mine or speeulative wenture 10 per cent.
would be better poliey. The Eact of this, the longest water-main
in the world, being of steal, invoked disctssion on what had
become of late years a much-debated point, namely, the relative
life of enst-iron snd of wrought-steel or ivon pipes, Mr. Herbert's
own opinion was that very listle corvosion oceurred iu either cast
or wwught. pipﬁa wheén plm'.ur.l in natural ground, geneenlly olay ;
but that in artifical ground, pu-rtculur]y nshies, ulng or any
decompiosing maferiel, rapid corrosion took IrLu.:u in both, und
generally mueh more mpld.]y m cast-iron pipes.  In bad ground
the life of the pipﬂ was almost entively ﬂﬂpmnﬂmtt on the efficiency
of the coating. Tar and asphalt appeared to take a much better
hold oo wrought pipes, probably beenuse these thin pipes quickly
attained the temperature of the bath, even if they were not
previously heatied, which was sometimes done. He belisved that
within the oext 10 years wrought-iron pipes would supersede
east ipipes almost entirely for water ond gas-mains, and in many
places would be used for sewage.

M. Ruvorrn Hemixe obeerved that the Papor wis of special in-
terest to American engineers, owing to some similurity between
the metearclogical conditions of the territory near Coolmardie and
those of the Pacifie eonst of the Upitad States. The minfall in
Oalfornia varied between 3% inches and 42 inches in one year
The prices paid for water near Uoolgurdie, even ut the lowest figure,
256, per thonsand gallons, were much higher than the prices paid on
the Pueifio eonsty, duo. partly to the apparently grenter difficulties
of construction, and partly to the wore elsborate slruetures than
wira customary in the pioneer works of Californin, The Coolgnrdie
sefipme appeared to b n thorough and effisiont solution of the
problem, and the work econtained a number of sug mummn-u ng o
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dotuils which might profifably be wdopted elsewliore: 1t was nok
oftens that 5,000,000 gallons of water must be elevated daily to a
point gver 1,000 feot higher thon, und oyer 350 miles from, the
sonree, requiring 4 total dynomie lift af the pumping-station of about
1700 Feat. Tn thiavespect the work appearad to be Unique, Althongh
practically all the materials for constructipn had been importoed,
thi work hued required loss than § years to boild, which under the
cireumstaness did’ not seem  pxeessive for its magnitude nwnd the
diffienlties of the situntion. The rainfall-records, as had been the
cage in  Culifornin when that State wius finst developed, wera
mengre, and much depended on good ressoning.  Tn arid regions
the ratio of yield to vninfall vavied greatly, being large for lulgr:u
Procipitations and small for small ones.  In Californis, with rain-
fulls less than 10 inches per anmum, unless soma of the vain fell as
snildon, showers, there was usnally no off-flow at all, San rean-
ciseo wus eobliged for that vesson to store its water for 2 and
even J years. A few years ago the evaporntion during 1 year from
the storsge-roservoirs wos grenler than the rainfall or the inflow
from’ the catchment-aven. In the western deserts of the United
States, that portion of the rainfall which did not evaporate
pereptatod toa considernble depth, and confinnously fed the rivers;
which, like the Coomdo River, discharged large gquantities of
witer through the year, although fowing in the midst of o desert,
Naturally, such conditions hud invited Dreigation schemes, whieh,
near the mouth of. such & viver, woold allow the entive fow
to Le diverted without infringing upon riparian rights, With
rorard to the quality of the Coolgardie water, the dilliculties due
to common sall would gradoally disappese;, parbicularly if flat and
BwaTupy areéas on the catchment-nren were sub-drained soas to pre-
vent' the ocapillary action near the surface in dry weather from
mising the disselved salts and holding them upon the surfsce by
Bubsoquent evapormtion until they were ppiin dissolved by the
rain-water, He could not understand how there could be nnaerobic
bucterial action in the pipes careying potable watery which should
contain a large amount of oxygen, The descriptions of the locking.
bar pipe and of the caullking machinery, which ssemed to present
noveltics of value, were of much intorest,

Mr, Mexpy €, Hi, of Philadelphia, communicated an aecount
of the reservoir st the Belmont filtering-station, forming pnrt of
the works for the improvemont, extension and {iltention of the
water-supply for the City of Philsdelphin, This station wos
sibunted wboub 1§ mile west of the Schuylkill Diver, aud con-
sifted of o setfling-reservoir, oightoon coversd §-uere filiers, and

1 8
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Me, M 0TI 00 eovered  olear-water basine  The settling-reservoiv was dividad

by an embankment inte two compartments, having an aggregate
cupucity, with 2§ feet depth of water, of 72 million gnllons, The
regervolr was situnted en a hillside, mainly in excavation. The
nren of tha east division at the flow-ling was 5-4 acres, that of
the west division being 5-33 acres. The enst division was con-
structed about egually of cut and fill, while the west division was
nesrly all in exeamtion, prineipally o quartz-like trap rock with
some micnceous rovk, In weking embankments the wmost im-
porvicus materinls of exenvodion were placed next the inner slops,
and all materials were rolled in layers not exceeding 6 inches
in thickness. Whenever excavation in rock roveslad fissures, these
wera filled with Portland-cement grout, and the ireegolor sorfaces
of the rock in the Hears and slopes were levelled up partly
with clay puddle, and partly with Pertland-cement concreta, In
prepaving the foundstion for the rolled embankment sll fop soil
wis Ghoroughly stripped off, and the inclined ground was stepped
in horizontal tervaces. All embankments and flls were rolled with
four 25-HP. traction-engines, each weighing 10 tons or 3,800 1bs.
per foot width of rollor-wheela; twe 18-HP. teaction-engines of
B tong each ; and one 10-ton tesction-roller, All the rollers wers
provided with grooved front wheesls and clested redr wheals.
Each divigion of the reservoir was Iined on the floor and slope
with 18 inches of clay puddle, en which was placed a lining
of Portlund-cement tonerety 6 inches thick (Figs. 57). On the
conerete lining aver the whole foor, and extending ap the slopes
ta o pnmt i(l foot vertically Lelow  the water-line, was placed a
#-inch mixture of asphalt mastie findd grit, In order to prevent
slipping of tho ueplu.lh mixture pn the slopes, the concrete wis
indentiod with grooves L ineh wide and deep, and 4 inclies apark.
At the end of the dividing embankment was o valve-house, in
which were placed all the valves for eontrolling the water fo and
from the twoe divisions, which wers provided with separate inlet-
and  outlet-pipes, and sereen-chambers, As the reservoirs wero
desigried a3 settling-busins and not us atm‘;q_e-humu::, the water
was pumped thieugh n 48-ineh cost-ivon mnin, Inid on the floors
and extending  dingenally aeross ench  division of the ressrvair,
and was discharged through a series of d8-ineh spigot-and-faucet
tees, sot at alternnte angles of 45 degrees from the vertied.
The ends of the inflow-pipes wers provided with 48-inch up-
turned olbows, The water passed upwards from the tees and
elbows disgonally scross the buasin to a foating  discharge-pipe,
consisting of a 48-ineh riveted steel pipe | iuch thick, provided
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Ao, IE L HOL with b swinging joint ol the boltom, dond sustained o an inelined
position by a eylindrieal fron float which kept the month of the
pipe about 2 feet helow the surface, 8o ag to admit of drawing
oft the nppor shwtnm of water, When both divisions of the
basin were in gevvice the water was foroed fo pass disgonally
across and  upwnrds through both divisions, lefore it left the
sedimentasion-reservoirs on its way to the filters, The veserveir
wis designed to be water-tight within the Lmits of the matevials
umployed, and information had been gonght on this point, with
the rosultl that very few data bond been found to be awailalble
on the subiject of the water-tightness of puddle and concrete
lined structures. Buch tests as wight have been made elsewherd
wera not. readily aceessible in poblications; and the lsakage
assumed to be properly allowable was therefore entively a matter
of julgment. Obviously, structures like envihen embankments
lingld with eoncrste, wade ap of many sepombe Qoor- and slope-
sockions, nod containing miny thousand lineal feet of comparatively
shullow joints, eould not, even with the utmest e in constznetion,
be expected to ba absolutely water-tight. Tha puddle wsed in
the works af Philadalphis was composed of equal parts by volumao
of vieh irenelpy and broken stone or privel, maoisiensd with water
and thoroughly mixed in a Chambers pug-mill,  As mueh care
wiks exercised in the tesling of elays, and in supervising the
proportions pnd mixing of c]u_}' puddle, 48 m the proportioning
of mnterials and the mixing of concrete, All puddle clays wered
tested by the Ulser method of mtional auslyses, and it was found
after o long series of experiments that the hest reaults were abtained
with elays containing at leass 50 per cent, of avuiluble elay econsti-
tuemnts, or, in other words, the resulting mixiures of 50 percent. of clay
and 60 per cent. of broken stone, would cantain 25 per cant, of pvail-
alile elay constitient, a2 shown by rational analyses. The concrete
lining waes composed of 105k Ihs of Portland cementy, 3 o e
teat of sand, and 5 enbic fest of broken stone; the stone ranging in
siza from § ineh to 11 inch. Inzome casps, toensure more water-
tight worls, the 3 cubie feet of sand was altered to 1} cubie foob
of sand snd 1} cubie oot of limestons screenings. All oonerats
wis mixved in telli)lmd box mixers of atleast 1 énbic yard capagity.
The dvy ingredients, after being dumped in the mixer, were given
gight or ten tuens, waber was then added, and the mixer wis
given ahout twenty-five more twms. All cement was ragnived 89
fulfil the following requirements hefove it wis incorporsted i the
work -—
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Briguettes 1 ncusre jneh @0 cress seetion to
develop the following tensile strengths—
T days (1 diy In adr, 8§ daya.in water), 1 qurt of
vament, ¥ parte of studied guorts saad .
25 cluya (1 day in air, 27 dayein water), 1 ool
uuufunit, 4 ;:Ld'lm of hl.l.l.udu.}:'d it u?undmr ] 240 The. per sy, in.
All eoment to ba subjdeted to tha balling test befors neceptances,

170 The. per aq. in,

Six-inch eabes of conerete taken from batches nsed in tha work
were required to withstand the following erushing-lowds :—

At ADdsyaold . . . . =« Li0U Iba. per squiee inch.
w BO TR ] - . « ws % & & 2.]DU o " e o
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[¥ was found in practice that the above requirements wern
readily mes, in fack there were guite a number of 60-duy cubes
which took a crushing-load of 5,000 Ibs. or more per square ineh,
the avernge of ull cubes being about 3,500 Ths. While tha elay
puddle was velied on for water-tightness, it had been thought ad-
visable to place on the surface of the conorete lining u F-inch nyer
of nsphaltic mixture. Owing to expansion and contraction during
rapid changes of temporaturs, it was donbtinl if the Inyer of asphalt
had contributed much to the water-tightness of the structures
Conerete filter-tanks and clew-waber basins, with o lining of
puddle undpr the Qoor and around the walls, had been proved on a
L4-day tost, with the rise or fall of the water-level mensured with
hook-gauges, to he practienlly water-tight. In these stroctures,
of vourse, the psphaltic lining was nob wsed, nor had experience
shown that it was necessary to secure waber-tight work, The
eomposition of the asphaltic lining called for in the specifiention
Wog—
Barts by Weight,

Neuohatol masdle’ & < o < . o 5 = s ow is s
Bermudeaawphialty — - . o & & 5 1 oo+ = . l@
Clean, shiwppitandend: o = o o = o @ = w0 30

This wisture would contain about 21 per cent. of total bitnmen.
The materials were heated in a kettls to about 280° F., and
t}ll-'l'm‘lgt'll}‘ mized, It vus Toupd upon test that the mixtuve
specified contedued too high a percentage of bitumen, and wis tou

Br. T, O, Tl
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soft for use on the'slopes when exposed o the sun, Experiments
ward then made fo aseertiin what'peresntoge of total hitumen in the
mags wonld hold on the slopes withont eresping when warined by
the rays of the sun. Conerete slabs abont 2 feet wide and 4 feet
long, placed at The sume slope as the sides of the reservoirs,
wore covered with mixtures containing various percentages of
bitumen, and mamtained ob o bemperature of 1067 . Wires were
placod seross and ahowve the slabs, and tacks were deiven in the
surfnes showing the downward movement of the asphult, Owing to
the fuet that it was practically impessible to peoeure Nooehotel
mastic in the Philadelphin mavket, exeept in very small gquantities,
Seyssel mastic was substituted, the above tests indicating that it
wits i all respects egqun] o Neuehatel, The several mistures
sl contwinetd asan average 1he Tollowing weights of materials for
each bateh:—

_ | mne | e
L, = Liw.
Boyel el « % & 9 6 a8 b L0 LR
T e 2a% ) ai riraA s ey ¥15 G
Refimed Teinidod naphalt . 0 o o & . 60 dih
Relined Hormvedes nsphalty  © o o o . 50 47

These mixtures gave by analyses an wveruge of 16+5 per  corib
of Botul bitemen o the st miybure, and 13:9 per cint. of
bifmmen for the sesond mixturs; the slopes vequiving, of course, &
stiffer mixture to prévent ceeping duringe hot westlor,  The wobor-
tightness of all stenetures forming part of the works for the improve-
ment, extonsion and filiration of the water-supply of Philadelphia,
was a requivement of the specification, and sewrching tests of each
strueture wera mads to show complinvies tharawith, Upon trial it
wis [ownd thsd the west division of ‘the ressvveir did not come
within the limits fixed by the Burean of Filtration: the water
wis deswn off, the surlice of the donerete above the line of nspliadt
wiis thoroughly deisd, and several coats of silieate of soda (syrup)
weaws then npplied with an ordinery whitewashi-beush.  Bach coat of
ailicare of soda was allowed o dry thoroughly before the next cont
was appliod, aod this trectment wes found to be very effective in
voducing loalage through the conerete, The lenkage of the west
divizion of the Dalmont reservoir upon finnl test was 56,000 @iilons
per diy of 24 hours, or about 051 per cent, of its cubie eontents.
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This lenkage, after allowing for evaporation, represented a full of
0-02 foot per duy in the water-lovel. The lenkoge of the chst
division of ihe vestrvoir npon finud test was 21,000 gallons per day
of 24 hours, or abont 0+06 per eénfi of its eubie contents, This
lealage, after allowing for evapomution, represented o fall of
0-011 foot per day in the waler-leval.

Mr, Joax W. Hyr, of Philadelphia, felt that the Aathor, as well
ns his eminent predecessor, B O'Clonnor, mod  his pssistants;
wore enbitled to great eredit for the concoption and successful
completion of so beld an entorprise as the Coolgardie water-
supply, which certainly deserved move than passing  notice
Personally, he was ehiofly interested in the pipe-line, presenting
a8 it dlid novel foatures in the constroction of steel-plate pipe,
anid suggesting the probable extended use of a new kind of stool
pipe, in which might be developed the full strength of the steel plate
within the alsstic limit. A little move than 2 years ago he had
deeasion to prepare the plans and specifiention for Confenet No, 28,
known us * Lurdner's Point pipe distributing-syetem,” one of more
bhar seventy contiacts forming pard of the works for the improve-
ment;, extension and filtaation of the water-supply of the City of Phils-
delphin, Some thought was given to the pessible use of loeking- by
pipesuch as was used in the Conlgurdie selieme ; but thers heing then
no manufieturer in the Unitad States who hnd had any experience
in the production of pipe of largs diameter of this pabtern, wid
tlie mfprmation now eontained in the Paper with reference to the
Coolourdie pipe not being awailible, it was not given the ssme
consitdemtion ns it would have if the webtor wers to coma before
him at the present time, The pipe-system embraced in Contract
No. 28 consisted of four lines of 60-inch pipe; veaching [rom
Lardner's Point pumping-station, the prineipul pumping-station of
the new Philadelphin warerworks, to valye-chumbiors Nos, B, 9, and
10 at the western terminus of the pipe-line at Torresduls wnid
Kensington Avenues, o distance of approximately 14,606 feet,
While iv was contemplatad to lay four lines of such pipe for the
whole distance, for the present four lines wore laid only along
Robbins Street, & distance of 800 fest from the pumping-station
e from whis point thres pavallel Hnes of pipe were Iaid wlong
Theony Street and Torvesdide Avenune to valve-chambers Nos, 8,
8 amd 10, o disthnes of aboul 13,802 feev. In hdt:_i.ug tonders for
this pips due considarition was given to steel pipe, with and with-
out donble-riveted butt joints, and to cast-iran pipe. The con-
ditions favouring steel pipe were i —

M IL € Hill.

M I, W HIL



1322 CORRESPONDENCH ON CODLEARDIE WATER-SUPPLY. [ Minutes of

Mz ) owoEaL L Duetility of material, ind capasity to resist shaolks.

2. Bapidity with which the sections of the pipe could be

furnished and mude up in plice in the trench.
The conditions fwvouring cusi-ivon pipe were:—

I, Bnown dovability in servios {pusb-iront pipe had been used
in Philadelphin for a period of over 85 years, und execept
tuberculation of the interior from the iron and lime salts
in the Selmylkill river-water, had apparenily suffered no
soripns injury in strength or carrying capacity during this
time).

2. Crester smoothness of the intericr of the pips, and conse-
quent reduetion of frictional resistanes, and Iversase of
carrving-eapaaity,

2. Clonvenienca of relmir in case of rupture in sorviee.

4. In laying such pips provision ecomld readily be made for
expausion and contraction due to  temperature-changes,
although these, at the depth at which the pips was luid
after filling the trench, were nocessarily slight.

Still another advantage sometimes found with east-iron pipe, laid
in tho 12-foob length vsual in the United States, wns that con-
sidevable settlement of the bottom of the trench might oecur
without Tupturing the pipe, or creating ssrious leaks st the lead
joints;, The terms of the contmuct uonder which tenders were
roceived for both riveted steel and ensb-inon pipe provided that
the seetions of the former shonld be subjected to w hydrostatic test
of 180 Ibs. per sguarve inch at the plice of monufucture, for such
length of time as the engineer might deem desirable, to prove the
tightness of the riveted and canlked joints, After the sections
were made up in the pipe-trench, and befare refilling it, they were
to b agnin ﬂul}jﬁc‘tﬁﬂ to a hydrostatic pressure of 160 lhs, per
sipuars inuh under the simo conditions 18 to length of time of test.
The contvact Farther provided that esch joint should be absolutely
water-tight under these tests. The provisions with reforencs to
cast-iron pipo wers somowhat different. After a pipe had been
inspected for easting and foundry-work, and carefully checked
a5 to dimensions, thickness of materinl in the barrel, cecentricity
of bhore, and dinmeters of ends, it was o be dipped in the
customary bath ol it pitch and lnsesd-oil, and when the consing
bad become dey and cold, the pipe was to be subjected in the
proving-press at the foundey to an internal hydrostatio pressure
of 300 Ihas por square dneh for vot less tlian 10 minutes, While



Frovuudinge. ]| CORRESIONDENDE ON COOLGARDGIL WATER-sUTPLy. 128

uider this pressure it was b Be aubjected foa thorongh hansmer- St W, THL
test, and any pipe which showed lealing or sweating at the end of
this time was to b rejectod, After the pipe was made up in the
usmal lengths of 12 feeti in the trench, the contract required that
it-should be subjected to & further pressure of 200 Ibs. per squars
meh for a pericd of nob less than b hours, thig length of time being
fixed to enable the inspectors to examing earefully each joint and
length of pipe, and if there should beé spongy places in the pipe-
biveral wvhieh had eseaped inspeetion ot the plaee of manufacture,
bhis time wns deemed sufficient to bring the water to the surface
nud ennbles such spots to be murked and the proper remedy applied.
The tost in the pips-line also permitted of a trinl of sueh forma of
spoeinl castings aa could not e conveniontly tested at the foundry.
All specinl castings in this contract; excepting curves and man-hole
cisbings, wera 48 inchez 4o 60 inches in diameéter, and wees mado
up in tha valve-chambers with flanged joints. Tess and erosses wera
flanged castings:  Porty-eight-ineh  to (U-inoh taper-pipes were
constructed with a flinge on the smsll end and a socket on the large
énd to join with the spigat of n 60-ineh pipe; and all straight
castingrs were fested st the foundry mder the same conditions as
applicd to the cast-iron pipe, AL the time this contract was made
there was only one hydrostatie pipe-press in the United States of
suflicient eapueity to apply the requived test, and the two other
foundries which were employed in the mmuofactuve of the pipa
wors vequived to build presses of magnitude ndupred to this size of
pipe and to the proof-test provided for. At one time (1803) the rate
of progress in the muanufscture of the pipe was so slow thut {he
city was on the eve of going abroad to buy part of the work
from the pipe-foundries of Great Britain and Belzinm ; and it was
a plensure to state that the English pipe-foundries which were
oslled apon in this matter were entirely willing to. undertake to
mest the conditions of the contract, which wers mora exncting than
any previonsly Inid down in the United States in work of this
kind, In addition to the hydvostatic test ab the foundrey and in
the pipe-tvench, it was vequired that there should be east from
tlhie Jadle for ench pivee of pipe at least one tensile test-bar and two
eross-hreaking lars;  The tensile bars were 11 inches long, and
npproximately 1 inch square, corrections being made for exach
dimensions upon broiking the bar in the testing-muchine, The
erosg-brenking hara wore 26 inchos long, and approximately 2 inches
wide and 1 ineh deep, and were broken by placing them flatwise on
supparts 24 inches aparty and applying the load at the centro,
The eonditions with reeference to metal were that the tensile
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B~ . W maL strength should be net less than 22500 s (10 tons) per sgquace
indly, nnd that the eross-bronking bars of stundand  dimensions
snd span should take a load of 2,280 lbs, equivaleat 0 2 muximum
fibre-stress of 41,000 1bs, (187 tons) per square inch of section, and
shiow o -centre dellection of not less thon 0+34 inch befors brealang.
When teénders were: réceived for this eontrmet 16 was found thit
the difference between the cost of construeting the work with easi-
iron pipe and with vivetad steel pipe smounted to ghout $156,000-00
(£38,130), an amount which in lis apinion was too small to justily the
risk inpidental fo loying in eity streots these Inege lines of parallel
pipes of material of less kmovwn durability than casteivon; and it was
prutifying to noto that the tests of the pipo et the foundry and
pfter laying in the trenclh bad never developed n fracture,  Oudof
moreg than 2,000 piseos of this pips munufietured to the presant
time, not one had broken in the proving-press undér pressures
sometimes as high as 350 Ibs, per square inch; and osturally none
bad broken in the trenell under the lower prossure of 200 Ths, per
gquare inch, although the latter might bappen should the pipe be
injured i transportation. In centering these pipes, instead of
following the wusual proctice of centoring from ths cutside, afber
tha firsf fow lengths ware laid thik wis dene entively from the
inside; an fnspector inside the pipe indiesting by taps of o
hammer en theé barrel the divéction in which the spigot wis
to be wedged in the socket o bringe about concentricity of the
spigot end of one pipe and the sockeb of the next. In the placing
of tho spigotof one pipe in the socket of the next an allowance
of } inch was made for longitudinal motion, partly te vompensate
for such temperaturs-changes asmight take plies in the lsngth of
the line before the tronch was fillod, and partly to allow for
inequality in settloment of the pipe after flling, which wounld
nob be so well provided for if the spigob of onw pip was brought
solidly home against the shoulder of the hob of the next pipe.
Valve-chambers wors provided at intervals of about 4,000 fest, so
arranged with line- and branch-pipe valves as to permit of euthing
oubi of servies temporarily wny bine of pipe which might be injurad,
and confining the supply during the period of vepair to the
remaining lines of the system. The worst condition that could
arise in service would be the temporary loss of the usa of ane
line of pipe betwien two vilve-chambers, the remaining lines
hetween  the fwo chambers still being  servieeable; while of
course all the three lines—er four lines when completed—
beyond the chambsrs newvest to the point of rapture would be
uniflveted Ly the break. Where the pipe entored the vulve-eliwmber
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ib was rednced from G0 inches to 48 inches in dinmeter, partly Me J. W Hi.
hecanse the monufacture of G0-inch stop-valves had mot been as
extensive, nor the use of valves of sueh size as welljestablishad, as
those of 48-inch stop-valves, and partly because the height of such
stop-valves would lave muterinlly ineressed the depth of the
trencl in which the pipe wae lnid. The number of chambers, and
therefore of reductions in siza from 60 inches to 48 inches in each
line of pipe between the pumping-station and the terminal point
at Torresdale and Kensington Avenues; was gix, anid the estimated
loss of head by resson of the use of reducers from 60 inches to
48 inches, of 48-inch tees and crosses in the chambers; and of
48-incl stop-valves at each chamber, as computed by the formuli
given by Weisbach,' was less than 0-35 foot for a velocify of
7-30 fest par socond throngh the 48-inch stop-valves and special
castings, corvesponding with a velocity through 60-inch pipe of
4-73 feet per second : nn amount altogether too small to raise any
doubt of the wisdom of the roduction of the dinmeter of pipe from
G0 inches to 48 inches while passing through the valve-chumbers,
in view of the very lange raduction in the cost of trenching by tlie
usze of 48-ineh stop-valves, All wvalve-chambers were constructed
with econerete doors and side nnd end walls, Upon the walls wore
aeed rolled-steel bearas, with arvches sprouog fram  ihe Jower
tlanges of the bsams, o support the rondway and paving which
was cumied over the chambeér, Acceis to the elambers was pro-
vided through two muanholes ab corners dingonally opposite, The
special enstings in the vnlve-chambers,; tees, crosses and tuper-pipes,
were made of open-hearth east stoel, having o tensile strength of
approximately 60,000 Tbe, (26:8 tons) per square inegh of section,
and the bodies of the 48-ineh stop-vilves, which were subjeeted to
twisting and oblique strogees during test in the line and in sprviee,
were also steel castings, to reduce the chances of rupture, While
the lines of pipe were tested to 200 1hs, pressive per sguara ineh
upen completion in the tremches, the working-pressure was limited
to, 125 Ibs. per squars ineh by w sevies of d-inch Crosby relief-
valves, one of which was placad on each line of pipe where it
entored @ valveshamber, In addition to tho relinf-valves on the
pipe-ling, paeh of the pumping-engines (of which there weps twalvae
af 20,000,000 U5, gulléns daily cepacity, or & total of 240,000,000
gallons) delivéring into these [ines of pipe was provided with a
12:neh roliaf-valve set to Lt at 120 Iha, per aquave inch. Thus
1l 1-.rul_m.hﬂi:.'v,' of ever producing o witer-ram sifficient to injure

L, Wisishach, 90 Manual of the Mochenive of Eigineering, ote” wol. i
P 879, Londen, 1877
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2ir. 3 W. Hill the pipe in servica was extromely remote; bot aoticipeting that
rupture might ocour: under nmacconntable  condivions, snd  that
with the large volume of water Howing through these lines of
pipe, creat damage misht be done to the bottom of the trench, and
probulily o e poacsllsl lines of pipe, Lhe pipes wire everywhere
laid apon o eonereto Hoor 9 inchea thick, extending from side to side
of the trench, Tt was thought that, if & ropiore should peonr in
service, the woshing cut of the filling over a pipe would simply
open. tha strect pnd eat the banks af the side; bot could not by
any chance shift from their positions and injure the adjeining
linex of pips. In constructing the floor, which was: laid after
the pipd-lings were blocked m positivm and  tested, o coporete
cheik, farmed as a4 monolith with the floor and exténding ap on the
curye of he pips for n vortical heightiof about § inches above the
loor, was [}Ju\_-ii,'lwi on each side, l‘.hlla'fu‘r'l'll'l.iug o erudle to gun.\'tl
ngninst the lateral movement of the other pipes should one of
the lines ba fmetured inoservice. Ine laying this pipe the con-
tractors wera requived to eonstruet g standard-gauge railway upon
the side of the street, nud Lo pluge thereon a teavelling crane withox
boom lnvioge o repeh of 20 fool ot right aples to e line of trency
and a capacity, with this reach, of abont 10 toma,  Bach pieee of cust-
ivon pipe weighed approximutely 14,000 Ths. (6] tons), aud each of
tho d8-inel stop-valves weighed sbout 22,000 Ihe (9-8 tons), thess
poprasanting the heaviesh enstings used in the work., ''he contract
provided that eotting pipes for closures should nob be done in the
usunl manmer with a lammer and | chisel, but with a maching
whith would et the pipeat right augles to s sxis, aud leave the
end of the ewsting true and smooth, and which would séeqmplish
the warle witheut this possibility of frmicture of either séction of
gl ceut pipe, In plunning this system of pipes it was thought
that in tome thers would be considerable tubereulation of the
interior: From the ivem and lima salts found in the water of the
Delawars River, which would be the source of supply for Lardner's
Point pumping-station ; sud manholes were provided in each of the
Gi-inch by 48-ineh taper-pipes through which neeess to the lines of
pipe betwoen chambors could sidily bo oblained, for the purpose of
removing incrastations, and sevaping and regosting the pipe. The
rowoval, subseguent to preparving the contract, of u line of 30-peh
pipe whish interferad with the pleeing of the list four lines along
Robbins Street, indicated that 27 years' uwse bad producad very
little deposit and no tuberenlution in the pipe, snd the manholes
which were intended (o be placed midway between the valve-
ehsmbers were  accoridingly omitted, althousl Lhose in  the
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taper-pipes wers retained, Bhould ocension arise to examine tha
interor of these Hnes of pi'['i[& ani Pemove r_'||_'|,-;tr|.;|,|_~tiguﬁ! this conld
be accomplished by taking out of servies one seetion of the pipe-
lings at o time, between any two econseoutive valve-chambors;
These pipe-lines, with a caleulated capacity of 240,000,000 US.
gullons per day of 24 hours, were pumping-mains intended to
convey Liltersd Delaware River wator to several districts of the
City of Philadelphin, which at the Present fime econtained o
populstion of aboub 1,100,000, The filteution of ths Delowars
water wonld be accomplished by sixty-five covered plain sand-
filters each # acre in aren, constructod on the banks of the
Delaware River, about 3 wmiles up-stream from the Lawiner's
Foint pumping-stafion. In the valve-chambors each lins of
pipa was provided with a 2-inch meliefvalve to be Hown by
hﬁ-ﬂd. As thﬂ vertical undulations in tha “_]1&3 of pjp[} WO nu-t,
vepy groat between their origin at Larduer'ds Point pumping-station
and the terminud ot Kensington Avenue, it was thaughty praferable
to have these air-valves blown from day to day by an inspeetor,
rather than to trust to automntic valves which might fail to
act pnd probably subject the pipeline to undesivible shocks
by reason of accumulated air. At two points it was necessary to
curry the pipes over ereeks or Ilnrpa sewers, which necessitated
the use of Aanged pipe and the boilding of congrete chambors in
tho line of the sewer or waterconrse, to confine the ehannels fo
deflnite widths, Two lengths of flanged pipe wers bolted together
in the centre of the span lengths, and aeted as tubular bhorizontal
girders of 16 feet clear span, of 60 inches internal dinmeter and
63-4 inches externsl dinmeter; calenlated with o factor of safety
of about 20, for a eentre dewd load of pipe, water, earth Blling and
pavement, of 47,256 1bs, (22 tens), and & maximum centra live
lond of 40,000 Ibs, (17-8 tons), An intevesting featuve of this
econtract hnd been the necessity of moving under pressure s linp
of 48-inch enst-ivon pipe ahont 1,104+45 font long, which wis
ong of the two punping-mains frem the original pumping-
station (Lardner’s Point No. 1), To place this pipe in ifs new
position to accommodate the four lines of G0-ineh pipe in Tacony
Stroat required that it should be changed 11-5 feet in alignment,
amll 13°17 feet in levél at its lowest point. In earvying out the
work the deflection from the old eleviiion to the new was mnde
un the first 200 feet of the ling at pach end, the 1'€!J|m{ning portion
h&i.ug run oo # bongents  As nbout ED,UGEJ,DDU 1.5, gallons. of
Water wera boing dolivorsd daily through the 48-inch muin, it
being the principal pumping-muin, it was impossible to tako

My, J) WL
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Mr.d, W. nitt the line cut of sorvies, even for a short time, and careful pre-
porafions were made for mowving it inte its new situntion while
under pressure, and without stopping the pomping-engines. The
cenfre-ling of the mwin in is original peositien was [-17 foot
shorter than the calenlated centre-line for its new pesition. After
it was moved emreful measursments showed  that the aetul
draw of the joints had only been 0093 fool, or 0424 foot less
thau was expeeted, This was very evenly distributed throughous
the one bundred joints, and the avevage movemont of the pipe
in each joint was slightly more than 0+11 inch. In arder to
guard against excessive pull in the joints, each pipe wis marked
before being moved, on the top and on epch side; but awing
to the fact that some of the pipes rotated 100 degrees, it was
impossible to make proper veductions of the plus and minus
readings.  Small gluges wera, however, used continually on these
minrks, aned the lead rings in some cises wers dvawn oub &ingh or
more; but these joints wers wob disturbed auless & leak oceorradl,
when thay were immedintely recaulked, Defore movieg the
pipe, the tremch for its new position was excavated to line and
gradient 3 wxeavations wore then magde nnder the pipe on ahoud
20-Foot sections, and the pipe was grodually lowered to its new
gradient, being mennwhile thoreughly leneed in position to
prevent Internl movement. The greatest depression was resarvel
until the last, thus allowing any gain to work up to this peint.
Afver the pipe liud been lowered to the now gradiont, wooden slkids,
upon which ivon strips were fastened, were placed benpath each
length, and the pipe was then moved laterally inte position
with eerew-jacks. To [ucilitute moving the pipe the iron strps
wirg kepl well proased.  The time oeenpied in moving the pipy
was abent 1 month, and except for a few hours, when o cracked
pipe was discovered, the line was never tuken out of service, and
wans mnder a uniform prossure of 70 lha per squara inch. The
cracked pipe bad probably exisved since the main was originally
Leid, and to svoid delsy steel bunds were pliced wroumd i
and tightensd op. In the subssquent opermtions this length of
pipe gave no further trouble, To avoid accidents and delays
vigid inspection was maintsined both duy and night, wud men
within wusy hailing distanee were ploced nlong the line to ensuré
tha immediate closing of the valves at either end in csse of
accident.  After the pipe had been relocated it was allowed to vesb
for w few doys until it hud sssamed s ol position, and all joints
wire then thovonghly récanlked. The Author’s remarks on leakng®
wene nob quite elear dn the distivetion Letween leakope ot the
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Imgitndinal locking-bar jointa, and leaknge at civenlar load joints
The Author stated that the lead joints were tight, but examinntion
of locking-bar joints made in the Tnited States had shown them
to be wnter-tight under considerable pressure; so that the leakage
veferrod to by the Author wonld ssem to come frem the lead
joints where two ssotiond of the pipe were brought together in the
double bell. M. Hill's experience at Philadelphia bad demonstrated
that it was almest impossiblé with east-iven water-pipe and cireular
jpints to bhave nbsolute water-tightness; and that in nleng lineg nndar
n pressure of, say, 100 Ihs, per square inch there was a measureable
leikngs, He would like o know the resulbs of the Author's tests
in this respect,

M T V. Hill

Mi. A. I, Hurse considered that, provided the materinl usoed as Mr. Harse,

ballast was of o hared, compact, and donse natuve, and suflicient
sind was used fo fill the interstices, no object was guined by
rigid adhesion to a fixed gauge in mizing eonerete.  Professor
¢, K. Sherman's experiments on the presence of clay in sand were
well worthy of study, and it would be useful if the resislance to
crushing of blocks of concrete, made with unwashed and with
wished Dallist or gravels of dilferent eompositions, could be investi-
guted over a period of, say, 3 years, soas to deeide this doubtiful point.
In his own experience on the construction of a eoversd sevvice-
reseryoir of 5,000,000 gallons, built of conerete, the use of unwashed
pit-geavol had boen neeessary on aecount of loend diflieulties: fivsk
u threatered action at luw for the silting-up of the watereourses
tiinsed by the washing of large quantities of * terrace-gravel "
sxpavated on the site, wnd secondly the distance wod altitude of
cartags of materials, The sand sereened from the pit-ballnst
subsequently used was found to contiin 8 per cent. of clay, and
the ageropate woas of good amgular shnwpe, The proportions of the
conerele wore 5 to 1, and there being safficient sand in the
ballast, nene was added. During the construetion of the walls
with the concrete of unwashed ballust, sample mnzzes were out oud
Wb wyarions points; these were fourd to be well sot even after
boly a fortnight had elapsed sines mixing and laying. Te
Fagretted that he had no record of the resistance to crushing, but
the good guality of the conerete was also shown by the faet that
flat arehes of abont 13 feot span and 13 inches rise, and 12 inches
in thickness, wara sulficiently set for the centresto be withdrawn
ifter 14 duys, Slight craoks oovurred at the haunches, but these
Were gemented up and einsed no tronble. I the fivst eoat of
tendeving unwashed Leighton DBuzeard sand, eontaining 2% per
fnt. of impurities, was used, with no undesitable effects.  Close
[THE 1881 C.E. VOL, CLXIL] K
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»ir. Hovse. ohservation of this veservoir for 4 woels after filling had indieated
vary satisfactory vesults. The method of cuullung wacks in the
Hoor'of & reservair deseribed at pu 48 was similar to o plan which
had been adopted in the floor of o tank of 1,500,000 gallons
capreity for o ecruck resulting from settlemént, as illustiated in
Fig, 58.

Mr,List.  Mr, G, H., Lisr was of opinion that the salt-impregnated seil
in which the thin etesl pipeline was laid would undoubtedly
act injurionsly on the metal nnd groatly chorten the life
of the pipes. Hs hbad had luge oxporience of pressed-steel
glogpers in similar eoil, and  theiv life was very short. No
doubt the costing deseribed would et heneficially if perfect,
but his experience wus that in the hondling of such pipes
fhe best costing gt dimoged and allowed eorresion to starf

The joints would be the

g, B8, most dungerous pluces, 6s

here the f.'n.‘L.i,hlg had to be
removed to ensure a good
leid  joint. Payine the
joints with kot tar-mix-
ture was sure to be par-
vied out imperfectly in
mmny eases, and so corvo
sion would get w start

The plan of wirapping and

vo-dipping, which  was

being followed at Dudley

Port for gas-mains, would

protect the body of the
pipe, but the wrapping
mist be cut away for

soms distines ot esch end to allow the collwe Lo be slippsd o

and the lead joint to be run and caulked, so that matters would

be: no better than before. If it wers possible ab moderate
vost to surround the pipes: as a whola with some impervious
matiérial, then eorresion would be prevented. He wonld suggest
covering the pipes, after laying and jointing, with Callender
bituminous sheeting, or proferably Poriland-cement  grout, thus
protecting them as the living of “tube” tunnels was probected.
This might he done by means of a movabls casing halved over the
pipes; lined with thin parting-paper, cement grout being run in 40
give n conting whbont 1 ineh thick. The machine designed and
used suceessfully for canlking the jnint.ﬂ wiia most ingenious ; buts
it was bulky and doubtless somewhat awkward to use in he
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vortfined space of o pipe-trench, and gonld only he nzed on eollie 3w Tisk,
inints with & doubls face. On socket joints such o machine would
Linwe to be firmly clomped round the pipe to enabils it to press up
thi lewd joint.  On riveted pipes it conld not be used, and sven
on the pipes deseribed a cerfuin mmount of hand-enulking wia
npoessary.  Ho bad just comploted o biz pipe-laying job, and at
ane time hs had haf diffienlties abhout setring up the joints hy hand.
To overcome the trouble he had sugmestod the wee of pnenmatic
eanlking-tools—a small portoble compressor on wheels, driven by
nn oil- or steam-sngine, with sufficient length of hose to commanid o
difinite length of track euch side, and ordinary long-strols viveting
hammers working on suitable sets, Owing to auestions of frst
cost near the ¢nd of the job, and to the men becoming more reason-
ahle, the praposul had song pg furbher s Tut ho thought it wonld have
answered well, and would bave been simpler to handle than the
mueline deseribed.  His experience agreed with thut of the Authoe
remirding the offoct of o proportion of loam or clay on mortar,
Mueh expense and delay had been consed veeently on o work with
which Mr. List was conneeted by baving to go s long distance for
shmd, which was no whit, beftar in effect thon a sand closs ab hand
which bad a small proportion of loam in it.  The best brickwork
ho had ever soen or ever deme was on the Bapti Bridge near
Gnmkhpur on the Bengal and Novth-Western Railway, India, The
wmortar used was wade of kunkur (slow-setting hydraulic) lime
(2 parts) burned with wood in 4 running kilu, deswn hot, and
put into-s pan-mill with small native heieks (1 part) tolen from
old ruins. These bricks had been set in wmud mortar, and
they were not cleined or seleeted in any wiy. Sufficient water
wis added, and the mixture was geound for 30 minntes and taken
fo the work. In 10 days it set so lard that it became monolithie
in character, and when any portion had to be dismuntlad it conld
omly be picked to pieces with a pickaxe or crowbar, tho mortar being
wetunlly harder than the best * frst-vlass ™ bricks. He presumed
that there wns no loenl limestone available on the Coolgnedie
&cheme 5 but Le thought wuch more might ha done thin was now
dona with the old-fashioned lime mortars, at much less cost, and
with quite as good results as with Portland cement.  Personally, in
tnses where work was neither under water nor raqnived to set
tpidly for tidal work, he would prefer to use good lime wortar in
hrickwork and for conereta. He was sorry to say that even in
Indin, where cement was very expensive, and lime was both good
Hud cheap, the tendency was lo prefer coment,  ITe kuew of ovne
instance where, with both limestone wud eonl oo the spot, cement

W 2
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had been nsed at enormons costy though he was ecortain that in the
hulle of the worle the indigenous materials lime sud surki might
have been used with safety and eeonomy. The resson was not far
to sealc: i was nnwillingness G0 faka o little tvouble, when any-
thing else eould be found ready to hand,

Mr. Cuas, F. Mansg renmrked that it appenved Trom the desorip
tion given in the Paper that only one thickness of caulking-roller
was used for each joint. Tt would be intevesting to know whﬂhhe't'
any frials were made varying the thidmoss u[ the tools, was
done with bhand-eanlking, It might have been bertmr, ut RELY
rata, to pass n chisel-edgad voller reund frst, to ease the Jead
from the barvel of the pipe, befors beginning to set ap
The average rate of progress for each pipe-laying gang, for the
d-months’ period, appearad to have been about thirty-eight pipes
per 8-hour day, which wasvery pood. T would be intaresting to
know what was the record for 1 day, The illusteation of the lead-
multirlg and jnint—run m'rtg Ebpl‘.ﬁ}‘ﬂtus did not gi\'e & Very clegr ide
of the method of working, amd it womld be useful if the Anthor
would give a further descviption, Mr. Marsh thought it would
have besm better to lewve the couting on the end 6 inches of the
pipes; a8 it would not materinlly affeed the running of tha joint,
und in any case, with an B-ineh eallar, 6 inchea of scraping at each
end of the pipe appeared to be too much. The recosting of
pipss In position wes nover very sebisfactory, and in woes
surcly not advisable to destroy the coating mare than could
b ]:IE.]_PE(] Clould the Anthor state what mixture wns used for
the necessary repuivs to the conting and how it was applied?
It was curious thit surprise was often expressed at the fact thot
the presence of small dust in sand used for mortnr or eonerete
mereased its strength; for all experimpnters who had made fests
on the value of sand of different sizes had found that dust i_mprﬂvnli
the sand. Xxhaustive experiments curied out by My, Ferel
ut Boulogne showed that the resistanee of mortars increased not
only with the amount of cement used, but alse with the combined
wolume of the cément and sand in o unit volume of mortar, M.
Fevet lnd found that, when even-grained sands ware nsed, this
combined volume became less and loss ns the graing became smallel
whilst it was larger for sands with varying grains than for those
with even grains, For sands with varying grins, the combined
volume of coment and sand was larger as the sand-graing
beenme more mixed in size, being greatést when there were no
mediun-sided gruius, LL.m'_.l. the sulio of lage o {lne grains wad
221, the cement, of conrse, heing inchided mmong il fine grins
Dy larae meadns those between 1 and e inch were meant ; mediom
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were those between 4% and o ineh; fine grains were those less
than ) inch. Standard sand woes mediom-gmined, the size of
grain warying very little, namely, between o and oy dneh,
Apparently the presomce of o small pereentage of elay in sand was
vob always detvimental, but this must depend on the genesl
charncter of the sund, and each case should be carefully tested for
8 long periods s possible, sinea a sand might give better resolts
for short periods than for long. In o Paper! read before the
Ameriean Uement Users’ Assoeiation at Indinnapolis in January,
1804, Mr. J. O. Hain, Enginesr of Masonry Construetion to the
Chicago, Milwankee and 8¢, Paul Railway, guve the results of
some bests carrield oul by him on clayey sunds, a8 against standard
sands. A sand eoduining T-7 per cent, of elayey matber, tosted
againat o standard sand wish 3-4 per cent. of clayey matter, gave
results 40 per cent. and 30 per cent. higher than the standurd at
T days and 28 daye rospeetively. The difference became slightly
lnes with nge, the rexalt of Seyenr tests Be!'ng 90 per cent, higher
than the standard. Another sand with 157 per cent. of dlayey
matter, tested agninst the same stundard sand, gave vesults 10 per
cent, highor at 7 doys and 28 per cent. higher at 3 years, Tn
anather series of fioats Mr, Hain made one set of briguettes with
unwashed sand containing 6 per cent. of clay, and another set
with the same sand after washing: The unwashed sand gave
results averaging 256 per cent. higher than the washed smid aver
periods ranging from 7 days to 2 years, These results bore out
those of Professor Sherman, mentioned in the Paper, which showed
thit sand econtiining 10 to 18 per eont. of clayay matter gave a
mortar approximately 25 per cent. stronger than did clean sand,
It would be dangerons, however, to generulize on the somewhat
surpricing results of these tests, snd while it could not bo denied
that sands which appeared worthless might in reality make
stronger mortar than clean sands, it would be sxtremely rash
to use any such sand uniil eaveful and extensive tests hnd boen
earrisd out, and ita superiority fimnly patablished. I long-period
tests sould not be waited for, and if For any reason it would
be eeonomical to use an appurently divty sand, it would wot be
acdyisable to employ it unless it proved to be af least 6 to 10
per eent. stronger than stndavd or other soloerad cloan sand a6
28 days. The construction of the Hoor of the Bulln Bulling reser-
voir in two Ievers would doubiless prevent emeks from extending
tight through, buf if it had besn formed in one lpyer having o

V8uo  Engineering News, wol. HiH, ¢, 127 Alw Minutes of Proccedings
Inet, ©,000, vol, elxd, (. 3506,

Mr. Mareh.
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grillage of wire of o smaller soesh thun that waed, placsed near the
uppee  surface, My, Marsh believed the cracking would have
been prevented, sinee it had been found that such reinforeement
provented the formation of erecks. It would be interestine to
liow why barbed wire had been used for the seillages, T# it had
been ndopted with the idea that the barbs were necessary to give
sufficient hold to the concrebe, such o precuution was entively
unnesessary, d4s pain wires would have given: all' the hold requireds
Hea did not think that wire in the form of a eable formed a gool
reinforesment, sinee the concrete could not properly swrround the
striads noml proteet them aguinst coveosion poaml: he belioved Lhat
0 closer mesh of singlessteand wires wonld have beon prefovalile.
With the exception of these at the face, the wires in the vertieal
wills uppenred to be unnecessary, since the walls were appavently
not iedigned as beitg reinforeed @ in Aoy ease the wives in the centre
wonhl nab be of muoeh nse.

Mr, Arex. B, Moxeniesp econsidered that the Institution wis
mdebted to the Author Tora lueid and ecomprehensive Paper en
the important Coolgardie water-supply; and porsonally he dusired
to thank Lim for an opportunity affonded him for examining the
works, which bad been finished in a workmanlike manmer and
without uonteossary orngpment of any kind,  Depep regret was
nutmrdly felt by the members of the profession in Austealin thiat
Mr, (L ¥, O'Connar did not live to soe hig great worle complatal.
My, Moncriefi’s own expervience indicatied that the high price
at which water was now sold in Western Austrulin conld be
mpintained only wder exwmordinery  eonditions.  In the other
Australinn Btates it was gonerally lowsr, whils in South Aunstealis
the price of water friom the priveipal supplies fell as low ag 6d. per
thousand gullons, The price which could be obtuined for water

povarned the smount of capital which it was possible to spend in the

construction of the works, and it was important o note that from
the Coalgardie waterworks there was practieally no. reticulation, the
achemne consisting of handworlss, plmlping—i'slant, und leading TITIALL
only,  This might have o vital effoet on the altimate vevenues
producing power of thoscheme., The Author had tonelied upon &
burning diffienity confronting engineers in Austealia when desling
with the question of gaugings of river-low und rainfull. [n that
country (here were pructically no records extending over suffieicnt
time Lo be of positive value in prepaving schemes for lage works
and grenter responsibiliby than would obherwise ebtain was: threwn
npon engineers in designing structures and caleulating supply:
The diffienlty was such that it had to be experienced bLeforo if
could b npprecinted thoroughly, He laoked upon the Paper as
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valuable addition to the liternfmra doaling with witor-eonservation
in the outlying districts of Australin. The authorities of Western
Australia had been fortunate in being able to obtin o clean
atclment-aren for their great reservoir. This had very frequently
not boen obtainable in Australing for the eatehment-nveas having
been alienated and oceupied befors water-conservation whs con-
sitlerad, it was beyond the possibilities of the finnnees of the Stotes
w purchuse them back; and in construcking large works Mr.
Mumerioff had, where possible, adopted the prineiple of kepping
the resoryoirs off the main streams, allowing the flood-waters
o pass, and only taking supplies inte the reservoirs after the
muin gtresms had been seoursd. In older countries filtration of
this wotor wonld be demanded, but the method referred to had
proved sucesssful so far. There was not one insfance of a lurge
fifrntion-plant having been constructed in Australin, though thers
was i small scheme at Broken Hill, N.S.W. The character of
the wafer from the Coolgardie catchment-aren was generally
reengnized ns good, but it might ultimntely be found necessary to
filter the supply for domestic purposes. No provision for meoting
this contingency seemed to have been mude in the loention of
the wiarks. The conerote dam ot Muondaring was of a very
substantial chavaeter = but in dealing with almost similar cirevm-
stances elsewhere Mr. Monerieff’ had preferved to provide a by-
wash apurt from the dam, as allowing of simpler consteuction and
less liability of damage from excessive floods. He had also found
it gonorally desirable to provide a tunnel in solid ground under the
Aank of the dwmm, and to have w separato water-tower, rather than
1o tukee the outflow-works throngh the eoncrete and bnld the water-
fower as part of the main structure: This was a matter for
individual judgment; but it had always appearsd t¢ him that
to bresk the continuity of the concrete with an outlet-pips,
or tu bresk the contour of the dim with the eserestonce neeessary
for the eomstruction of a water-tower, was liable to lead to
rupture of the concrete wunder the stresses due to expansion
ml contraction in the very wide range of temperature obtuining in
Australin.  Refeming to the pipe-line, it seemad o him that no
engineer compiring riveted steel pips with the locking-bar pipe
adopted conld hesitate to decide m favour of the Intter. The
punishment of the stes] in punching, and the innumermble points at
which possible lealage might oceur, condemned the riveted pipe
atonge in compurisen with the locking-bar pipe; which consisted
of four pieces only.  Fig. 30 showed the mothod adopted in Seuth
Avstralin in constructing and jointing a viveted steel pipe of

Ar, Momorinil,
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He had

formd that the pliin ring, sllowing for through lead flling, as
shown in Py, 40, muwde an excellent connection far the pipes, and

I'Tl-l,f. Ji,
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admisbad of enrves of comparatively small radius Leing followed in
leying such n main, without specinls. The diffipulty anfipipated
from the flowing of the lend through the jeinta of the pipes was
entirely overcome by the insertion of a temporary band of iron
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expanded in the pipe by means of o serew; nnd such a joint was
certainly not more expensive to caulk than that adopted on the
Coolgardie works, while the nse of spun yam—a pevishable

winterial

wid pntirely avoided, With regard to the method of
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making the joinls, it was generally acknowledged that the nr Monesoer,
saullking of the lead round the logking-Tur regquived | most eare, and
as this had had to be done by hand at Coolgardie he failed to see
tha u.:h-m:tage of canlking the balance of the juini.;. 'hy machinery,
The prices quoted for hand- and machine-work seemed high. For
laying o similar 26-inch main in South Austealin, formed of 1-ineh
plate elosed with loeking bars, the cost eomplets was £4.140 per
imile; the cost of laying and jointing being for labour £153 per
mile, while labour for ewulking only raoged from 25 Od, o 5s per
jeint.  Ihwas pessible, however, that higher rutes of wuges had to
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be paid in Western Australin, The use of locking-bar pipes,
conted in a similer manner e those referred to by tlie Authaor,
hod proved s suctess in Soubh Australia, in which State the
now design of pipe was first adopted by Mr, Moncrieff. The
Author had been particularly fortunate in being able to lay his
main elose to the milway, as earting the pipes ever rough
conutry was the common experience, in which case the locking-lar
pipe pgain proved its superiovity over the viveted. The msthada
adopteéd in laying to prevent the pipes from being injured by
exposure in the trenches appewred to bave been admirable, and it
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was satisbactory to note that the simplemethods adopted had proved
sitisfuctory without the inbervention of the expansion-joint, the
introduction of whigh had been so fresly disoussed befors the work
was undertaken, In this cormection he hoad found that for pipes
of large diamater the ving jaint was very effective where the pipes

were exposed to the prest voriation

Figo 42, of femperature obtaining in South
Eavenr h{] o Avstralin, A long length of pipe
[EE nerei 3 A 6 feet jn dismeter manufaciured  ss

shown i Flgs. 41 and 42, resting on
wst-iron eeadlos,. had  romained in
this position for many vears without
the slightest movement, although the
temperature to whieh it wos axpossd
hnd varied from freezing-point fo
1707 F. in the sun. The Appendix
to the Paper was walupble, but had
it beon possible to publish mors da-
tails, of the cost, its wvalua would
have been considerably enlanced, DPerhaps the Author would
furnish thess details, which would be of much ntevest to his
professional brethren in Australio

M, Guonerr W, Rarran, of Rochester, NUY., observed that it was
unusual to g mord than 350 miles for a daily supply of 5,600,000
gallons—or indeed for any quantity ; and the combinntion of gravity
aod pumping with the Seyveos'-storage requirement rendesed  the
Coolgurdie water-supply a projoet worthy of the best effort of the
engrinsers employed upon i, While the Paper was valuable as
whole, the most interesting portion of it to Mr., Rafter was that
velating to the yield from the entelment of the Helena River.
The Author stuted that the estchment-nron sbove the reservoir
ot Mundsring wos 580 square miles, and that, on the face of
it, the nllowance was excessive for 2 years' supply; but Mr.
Rafter had found that the ealenlntions in such cases  werd
froquently  insufficient, and  whether or nob & eatchment  of
669 square miles would supply 5,600,000 gullons daily, apart from
leakage, was purely a question of what water mmn into the
roservoir. 'This the Author had foressen; he had muds provision
necordingly s and  tho outeome  justified his  judgment.  Gread
eomservative eare in dealing with thiz question was necessary in
other regions bedides Australin, becanse cufchments yieldod very
different guantities of water for the sime or nearly the same min-
fulls, Frequently it wis gonsideved that when the rainfall sank

SUNCTION DF CULVERT WITH STEEL MAIN
calw: 1 Inch =
megsod t3 s 8@ Y sem
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below w eortain minimwy, the yield would be nethine. This Me Rartos
winimyn vorisd For differtnt regions and conditions. In the case
of the Helens Baver in 1902, the minimum rainfall from which the
yiell would bo nothing was appurently somewhnt less than 1943
tnehes—on: the supposition that the mean rainfall at Mundaving
and at York troly represented that of the entive citchiment-ares,
although theve was perlups some doubt on this point, as stated in
tho Papor. The mtio of yield to rainfall in that year was ounly
042 per cent., or the depth of off-flow on the calchment was 0-039
inch, In 1897 a rainfall of 245 inchies gave o ratio of yield to
winfall of 0-84 per eont. (0-083 inch), whils in 1900 a mean
mainfall of 33-25 inches gave a ratio of 3:5 per cent. (1:6 inch).
This was & small quantity for a rainfall of more than 33 inchoes,
from the point of wview of one fnmilise with yislds in the
United States, where, in the esstern part of the country, for
this rainfull yields of about 8 to 10 inches wmight be expected.
Apars from the evaporation obsmrvitions given in Table IV, (p. §1),
the preceding stotement slone would indicate that evaporation
from the Tlelenn catchment-area was large. The gaugings showed
that in 1807 and 1002 the ground-water off-flow of the Helona Rivor
mnst have beon little or nothing,  Mr. Rafter considered that thers
wag n lnw, though a somewhat obscore one, governing the yield
Erpm entehments in all ports of the world; bul this law was nob
yot very precisely determinad, nor wis it likely fo be, because the
absorptive nature of the soil of eatehment-nress, svapomtion, and
other conditions differed so0 much, that every eatchment-arvea
wiig, #0 far s s yicld ae o whole was conecrned, a low unto
itself; and only when all, or nearly all, the ¢onditions were known
would it De possible to deduece a formula expressing accnrately
the relation  between roinfall and  yield. Nevertheless;, there
wore some geneeal prineiplos which amight be applied, although
not admitting of much precision. Tor example, for the Genesee,
Hudson and Croton vivers u the State of New York; the following
b weres wvailoblad

: - Tnilees,
(Femicane Rinee Bafnfall,  Oif-flow.
Yearly avemge e T i 1L O [
1895 (oiiimnm yor). . - . - . . . &30 g ny
e e e e R " il 31

I Mucl fdforoution on the milijeet of the relation between rainfull and the
yield of etehwent arens, moluding thie dats licre given, will Do found in My
Bafter’s work * Hydrology of the Biate of Now York.” Altany, N.Y., 1905
[ Biletin No, 85 of the New Vol State Mugewm, | =80, Issr, O,
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Norwes—Foncesn, Mivers—Thiz; and oo of - its tributaries, Oatln Cpeek, were
prugrad with ehe exveption of 8 cértaln perisd,. from 1800 ta L1808, inclusive.
Tha R LETE ot Lhesa F.DI.HE';IIHHE witA as Tollows @ fram April, 1890, to W avember,
LBOE . menginge of Oatka Cresk (cotclunent 270 siuare miles) were made; fron
Dospmiber, 1883, to Ausust, 1808, inclusive, puugings woe tot kept of cither
Ontl Creelt or Genesee River, and for this pered the yisld is edmpubsl
approximntely from (b miniall by an application of the priveiple indicited in
the forezoing tebulition; Septeraler, 1803, to February, 1867, fnvluaive, the recunl
I that of Geneses Mver at Mount Morris (eatchment, 1,070 square miles) § in
Murch, 1507 the dam at Mount Morris aver whick Lhe paugings were mnde wis
earrigd wwny by o flosd and the roeond for the balance of that yeir and for the
year 1808 is doduced from the record at Hockester, where pougings have heen
kopt sinee 1548, The eatchient-ares ab Hoohesber s taken ut 2885 squnte miles.

sy Riven—In Dclober, 15T, duily messutemints of e dow of Hodson
River were bepun and lave continued every working-doy from that time to the
pressnt. These mensirements nee made ot the damoof the Dunenn Company, ol
Meclmiesille, whers Uids eompuuy works o paper-mill, nsing the entire flov of
Lhe river-from a cstohmont-pres of 4,500 square ‘riles, looopder 1o olionin the
complete Bows, o resold his alse been kept of the number, size, kind and dis-
chirge of turbine witsr-wheels in use during the same perial. The flow of
Sulidiys sod Bollduyy, when o observations wore Giken, Lus been asaamed s o
mean bebwean the preceding Saturday snd the following Monday,  The detailud
Talle of Wadson Hives }'ie‘hll froon which Ehe foregeing taluintion is clremwi,
is for the 14 years 1888-1801, Inclusive,

Ciraton Rfrer (eatchment, 350 squursmniles),—Thik ik approprioted ws Lhe waers
supple of the City of New Yok,  Ieocords of the yield have Besn kept from
1568 to the present o, buo the foregoing statements ineludis ondy the peniod
187700, inclugive.

Tha statemnerts and mude with roeferemee to s “wator vear " sxtending from
Diesember to November, inaltsyve, and divided inte o stomge:poriod  (Detember
o Mayy o growing-pericd (June to August), and a replenisbing-period (Sep-
tamber to November),

Onthe Genesee cutéhrment, an averags of 10°0 inchee runs off in the stomge-
period, 1*7 meh’ in the growing-peviod, and 2:0 inches in the veplenishing.
poericd, UOn the Hudeon, sn sverage of 1010 doches ruus off in tlie stomge-
period, $* 45 inches in the prowingperiod, and %072 inches in the Teplanishing.
pevind,  On the Uroton, an averses of 10488 inehes runs off in the storage-period,
267 inches In the prowiog-period, and 848 fndhed in the replenishingperiod.
Thie ayeraee minfalls corresponding to these yields pan be obitained by cxpminiog
bl tabulatioar,  The Ceneses River 38 disbont fond the Hud=onand the Crobon
aliout 240 wnites.

The forapaing fignres valabod to rivers o the eastern parh of tle
United States; where annual vainfalls vanged from o minimum of
less than 20 inches to maxima of over 60 inches. The rainfull
and yield of the Helenn River might be contrasted with those of
the Loup River in Nelwuskn, The catchment-avea of the Loup
River was 18,542 square miles. Tt issued from o sloping, gently
ralling coumtry, with a soil consisting laroely of perons saud, into
which a portion of the vainfall sank, finally appearing as ground-
water How into the stream. The river was 250 miles in lensth,
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elevated 1,500 feet above sea-level at its wouth and about 3,400 Mr. Buiter
foet at its source. The average laugth of the catchmont-aren was

30 miles and its width 59 miles. The following were the vain-

fulls for the years 1801-98, inclusive, as kept at seven somewhab
irregularly distributed stations in or newr the Loup River catelment-

ared, ‘The elevations of the stations nhove sean-level wers given

under the names, in feet.

| ]

- inuley: | Pass Burwell, [ Fex North T ! Averige
Tz, ':'ﬂ.mn.% Fé‘m:?f (CR T8 Lui?if!nt.?u [;llj-:r!rlw Hu:'.'t.hmﬂt.';m' “fmf‘_\' OF ey
Stations

Inclies, | Inchés, | Inehok | Inches, Tnghis, Friohes, Trchies, | Tuches,

1801 | 8042 | 24-75 | 2b-20 A1 080 2858 i LAl s R
1808 | B5-00:| 2444 | 2185 26271 L 2087 ah-80 | 23=30
1808 | 15086 | 1674 | 16'60 Bas70 1548 1816 18713 | 1848
1804 | 10+81 | 22=40 | 1277 16=37 14-17 11-21 1587 | 18240
1805 | 20404 | 18-39 | 2023 LA wa+88 14458 40426 | 20-16
1886 | 21-82 [ 20-07 | 20:T1 A0 023 40-87 10-52 2750 | 25-70
1897 97+1% | 26+68 11770 B0 86 28-10 17T 09 B2:Th | 2564
1808 | 17-86 | 1778 | 15*18 23§50 18-00 16+54 1850 | 1517
Moan | 2191 | 1992 | 19+04 LR [%-Ha 16548 2430 | 21-42

The following Table gave the approximate yield, in inches on
the citchment-arew, of Loup River at its mouth for certain montlis
for the years 1395-1901, inelusive, The wield of this stream
was stated o be, within limits, uniform fvom mwenth to menth,
und it weas on thizs basis that the column, * Proporbionate
quantity per year,” had been computed.

. . g |8 |4 |2 |28l Bt
: |2 |& |8 | & |8 |58 |3 |35 |88 €55
i i, = il = = o E | SE=F E:;.
= E« s 2 53%3«: E:gv
{ | { f i

Inclipsd Toches. | Tnches | Inches, Inches,| Inches, | Inches| Inches] Inches, | Tnelws

1805 | 0-25 | 0-26 | 0-80 | 0-18 | 0418 | 020 | Q=21 [ 026 181 | 2-72
1896 | 0°8d | 0-25 | 0-25 | 0.28 | 0:92 | 0:u0 | e e 1072 | 4-D5
ABST | DvB00 | 021 | o=20 | 0:22 | 0156 | (=16 |ﬂ-.’hl v 140 | d=74
1808 | 0-23 | 0-80 | 0-83 [ 0-17 | 0:28 | (r17 | 0:21 | pr22 1786 | 2:79
1899 | 0-27 | 0-96 | 0-32 | 0218 | 0«20 | G:18 | 0016 i 1*07 | B850
1000 | 0°28 | 0-g20 | 0-9n | 0-28 | 0020 | 0:28 | 0°23 | 0425 | 218 | geo7
1901 | 03D 0=38 | 0=33 | 024 i e i e 138 | &
Mean | 0020 | 0-98:( 0-20 | 0-21 | O:21 | 020 i 023 | 025 174 | B-0b1

i Ap]jruiinmlu_

The foregoing rainfulls and yields of Loup River indieated that
the minimum raiufall which might occur without any ac-
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companying yicld was cousidernbly less than in  Australin, and
mjghf. be wmot miore than 8 to 10 inchag, This difference was
probubly due lnrgely to difference in  evaporation, sbsorptive
eapucity of the eoil, and other physieal eonditions, althongh the
evaporation in Nebraskn was large. At Lineoln, in 1895, it was
48-4 inches; at Omaha, in the same year, it was 540 inches and
at North Platte, 48:6 inches. These evaporations were {rom a
froe wabtr-surface, as determined by pan messurainent nt Lincolu,
and computed from the resdings of wot- and dry-bull thermo-
motors ot Omaha and North Platte.  The veloeity of the wind wns
an important element in evaporstion, and the following duip on
this point referred to Omaoha for the ealendnr year 1805 —— Averamo
velodity of wind for the monll of May, 10 miles per hours for the
month of July, -9 miles per hour; and for the entire year, 85
miles per hour.  In Southern California, the conditions approxi-
mated somewhat to those in Austrulia in the region dissussed by
the Author. As illustruting this, somo phases of the yield from
Bweetwater River, which had a resepyoir upon il, with o catehment-
avea of 186 square miles above the ressrvoir, might be considored.
The following records wera for b watar yuoar™ from September 10
Aungust, inclugive, ns most nearly agreeing—aceording to Lippineot
in his Oalifornin Hydrogrphy—with the natural division for this

Yiiny. Talnfall, Oit-fow. | Evaporatisu Wi, | [Mermecaind

I Trcheis, Trcluns, Trichiss, Mlilus par Hr. ¥, oy
1803-03 2070 1 L8006 40 il
1803-14 148 014 87 g | 1]
1804856 27-1 =12 46+3 LR ol
180510 19:56 0101 462 5-3 fil
180607 249 0666 i 58 £l
165097-08 182 U 0o0E 614 o8 L]
1RO8-09 185 0025 = I i3
1800-00 191 = Ve b7 Bl
1605=-07 287 0:D8T 7o 4 i
1001-02 20-3 = B o &

Wors,—The rainfall #5 taken a2 o mean of thres slitions, as follows —At two
statinng in the estchment of Swestwater lhver, naely, al e roneryoll
(elevation 260 feat) and 25 wmiles mut of the reservoir (dovation 8,500 foety, sud
nt n thind atavion (elowntion 4,500 feot) § miles from the wetendhid dine botween
the patchments of the Swestwater and San  Thego  rivers. Frohahly thu
roaufadl of Uiy (hivd stabion is exvéssive; and cortaln corregtions Lave been wade
whish rendor the diduelions somewlsy approsdite
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resion, The Table showad thet for the sonditions of Sweebwater ar, tafier,
Rivor in Southam California the limit of rainfall with no yipld
viried between about 15 ineches and 19 or 20 inches, the vield
depending upon the distribution of the rainfall, evaporation, absorp-
tive condition of the sofl, and other elements, While the preceding
lustrations were rather general, nevertheless, tuken in conjunelion
with the Puper, they fairly substantiasted the statements that the
yield, while roughly proportional to the minfall, wus not in very
precise relution thereto; and that the guantity of minfall vequired
%o produce some off-flow varied in preportion to evaporation,
physical conditions of the eatchment, ete., in diffevent parts of the
world.

Me. Coarips W, Swms thonght the Cooleardie waterworks ame Swmilh,
might esrtainly be characterized as one of the boldest schiemes ever
carried out; and considering the paucity of date resarding
wainfull snd river-flow at the time of its ineeption, and the
unsatisfaetory ratio of yield to wainfall, as ascortained aftér the
commencement of the work, the desigusrs were to be congrutulutod
an the fact that the storago-reservoir had been sabisfuctorily filled.
Eugineers with Australisn  experience, however, and with a
knowledge of the variablensss of the rainfall in that country,
would readily concede the wisdem of providing storage capable of
conserving sufficient flood-waters to tide over any protracted
period of drouglt, certainly not less than would suffics for 2
yedrs, The Author snticipated that possibly there might Dbe a
flbod-dischnrgs over the weir-crest of a depth of § feet, but did not,
stafe how Le senived ot this conclusion, [n the nbsones of
aceurnte information as to the magmitude of floods, what assurance
wis there that any depth estimated on insaflicient data might not
be largely ineredased, as had been DMr. Smith's own experience af
the Lsanecoorie Weir, on the Loddon Biver, Victorin? In that
ease the muximum dood-dischurge hud been infarved from gaugings
mude st low states of the river only, and checksd by o formula
appliod to the drainage-arves. This had given a8 maximom volume
of 1} million eubie feet per minute ; but actual flood-measursments,
made after completion of the weir, lad proved it to b as much s
21 million cubie feet per minunte for floods of & few hours’ duration,
For the passage of the smaller yolume only, a depth of 8 feet
on the sill bad to be reckoned with, snd in opder that no damage
might result from the too sudden discharge of flood-waters over the
weir, it had been decided to keep the crest of the mesonry b feet
below full-supply evel, and to introduce sutomatie flond-gates to
closn the space up to that height, These gates had been designed

[reE TXST, O.B. YO, cLXIL] L
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~somewhat on the linds of those deseribed by Mr, Chaubart? The

installtion, which had beco in work for sboui, 12 years, was moul
satisfactory, and had alloweld the maximum floods o pass without
damage either to weir or to Hank-works. The adoption of this
system appeared to Mr. Bmith to ke the wiser cowrse when donling
with weirs of this class, where the food-waters were of mmesrtuin
volume, 5o large o portion of the capiml cost of the Coolgardie
scherne had been expended on the pips-line, and the life of this
minin dapended so mich on tho value of its protective voating, thab &
fow words a5 to Mr, Smith's experience of the Sydnoy water-supply
warks might be of some interest.  Thers many milés of steal pipes
were lnid, of hoth the riveted and locking-bar type, and Tanging
from 72 inehes to 8 inches in dismeter.  In sl the eoabings r1}11||._1&d
Trinidad asphalt had been an invarisble ingredient, in proportions
runging fvom 75 to 50 per cent.  In the surlisy contrects for thess
pipes eonl-tar had been specified to be used in eomjunction with
the asphalt in sgual parts, but later malthe, in the proportion of
25 to B0 per cent, had been substituted for eoal-tar. Speaking
generally, nong of thess mixtures could be pronounced n success.

Where pipes were laid above ground, as in the case of 9% miles of

72-inch pipe (forming duplicate wains betwesn Pipe Head and Pouts
Hill Taluneing-reservoir), the exterior costing had proved an
absolute failora,  One of these mouins had been seraped and eleaned,
and recanted with cement wash, which also had proved meflactive.
Tecent experiments with n paint composed of boiled linsesd-oil
und Portlind eement in the proportion of 1 gallon of oil to 5 1he.
of etmont, a2 nsed by the Publio Waorks Dapavtment of GQuesnsland
For painting water-tinls both inside and outside, had proved so
satisfactory that its extensive use, morve especially for outsids
coatings, had been decided on,

Mr. W, L. Brnaxonobserved that the wetr forming the storage-
reservoir was oue of the highest in existence, while the length of
the rising-main aud the J.rus,gnﬂudu of the pumping mstallegion
wore not equilled in sny existing waterworks, The wark hind
been carvied out wnder very diffienlt eonditions in a munner which
voflected the utmost credit upon all concerned, The scheme was
probebly unique in regard to the wvery smull wmount of the yield
from the catehment—0+20 to 3+50 per eont. of the annoal rainfall
of 193 to 33-25 inches. The oviginators of the projoct wera to ho
congrafulated on forecasting the amount of tha yield so sceurately.
Apparently’ the larger pard of the cutchmént-area wes very flut a8

b Apnaden dioe Pords ef Chotasdis, 1555, pt. id, p, 260,
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well as very absorptive. The test of the amount of évaporation, Mr. Sirange.
mde at the réservoir, indicsbed that the loss on this account; in
onlinary eireumstances, shotld ba moderate. The remaining factor
of the disposal of the rain-water—percolation—should therefore be
high; were it not for the densely woodsd nature of the catehment-
aren, which wonld reduce it by ineronsing the eviporation. Probably
tha trus csxplanation of the small amount of the yield was, as
pointed out by the Author, that the rain-gauge stations registered
falls grontly in exeess of fhe avernge mmount,.  The experlence
gained from thoe catclonent-arven confivmed thot olitnined in other
countries, namoly, that it was far better to depend for o gathering-
ground upon & smaller area with abundant rainfall than upon a
larger one with deficient precipitation. With regurd te the praposal
to supplément the nntneal catehment-aven by diverting the off-flow
from, part of the neighbouring well-watersd comntry into the
reservoir, it must be rewmembered that cuteh-water drains eould
uet be économivally made of suflivient size to corry the whole
of tha oif-llow from storms, which wera the: chief sources of
replenishment, The advisability of construeting subsidiary reser-
voirs to feed the main reserveir might therefore be considered.
Posgibly it would be practicable fo inerease the yield from the
nptupal eatchmsnt by denuding it, partially or wholly, of its
wimber. This should improve the potable guality of the water,
wlthough it mighi lewd o an increass of silt-deposit in the reservoir,
It was not clear from the deawings why the weir had beon designed
with o high an owverfall, sesing that this had apparently entaiload
the thickening of the section of the strueture. 1t would seem from
Figs, 6, Plate 1, o have been possible to provide (with or without
undershiicas, and with a somewhat inerossed depth of overflow)
o waste-weir of sutficient dischavging-power and with a low
overfall at the south end of the dam. Doubtless, however, this
matter had been fully considered by the designer of the worl
In any event, the provision of nndsrsluicsd would have saved
the prolenged flow over the weir which apparently would oceur
inall yours of pood rainfall. As wosso frequently the cuse, the
foundations of the work had proved worse than antieipated; for
this reasor, when estimating the eost of such stroctures, it was
always advisable to allow o lovge amount for contingencies. The
fonmdations wers very irregular in eross-seotion, sand it was farfu-
nite fhat this had not led to any cracks dnb to umequal settlement,
The Author did not expliin why the cutlet was placed at practi-
eally the deepest point of the longitudinal section; whera also the
vross section of the foundations was vory irregular, nor why the
L2
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lowest autlet-valve was located so near to the lase of the weir.
Tha eontents of the reservoir ot thiis level were inwppreciable, and
in & few years" time they wonld probably be much decreased by
silting. By raising the sill, apparently asafer position for the outlst
could have been selected, and she pumping-lifs would theraby liwve
been diminished. The vertieal intervals at which the outlet-pipes
had been placed were unusunlly large, and it would have beeu an
improvemont if arrangomonts had been made to deaw off the
supply at mora nuwmerous points. The permarcnt objoet. of
having'a scour pipe atthe base of the ontlet was not elear, ns this
would not enably any apprécinble smount of =1y to be rdmoved
from tha resarvoiv-haging nor could it aid greatly in diminishing
the flood-discharge over tho wosir, The selection of the locking-
bar pips had resulted in wmch saving, but it wasn somewhst bold
measure to adopt it on eo lorge o seale with only the lHmited
experiencs of a vory much shorter main as o guide; The Author
did not state whether any form of rainforesd conevete main Lad
been considered; most likoly, at the timey sufficiont. experience of
this form of construetion had not bean gained.  Althongh it would
probably have inyolved more pumping-stations, so as to reduce
the pressure on the main, p pipe of this kind would seem to be
pocalinrly suited to o line of country heavily chorged with eor-
roding salts. It was noteworthy that the long length of the
main had exercisad a purifying influence on the quality of the
water. It was a guestion, howéver, if filteation befove the water
wian admifted into the rising-main woild nob have boen advisable,
in regard to the population served, as well as lessening the in-
erustation of the pipes. The “sand cuts” menticned by the
Author wers interesting, IPresumably the escaping water was
partially eontined by the filling over the main, and was thus gble
to give the sand abrading-power. The Auther did not say if any
pérmanent areangement had been made to prevent this damnge
from ocenrring ;. swrounding the pipes with grivel o elinler might
hen remedy.  Mr. Strance nobived that the tolal storage-capacity of
the resorvoirs en roote and at the end of the main was 2868 million
gallons, or § days' supply, of which 12 million gallons, or a little
over 2 doys' supply, was at the end; this seemed & small allowance
for so lonz o length of maing fut it wonld doubtloss be ample as long
as thedaily consumption remained az low as it was at present,

Mr. Geo, B, Witrrams shonght shat, considering the very small
margin between the lose from evaporation aud wbsorpiion and (he
vainfall, and also the fief that the off-low  depended  almost
cntively on the few very wiel daysin the yewr and on the valume
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of water Falling on those days, the irresularitics in the ratios of M Willinma.
the Field to the buls] ool siofull waes not surprising.  1f the
averego peroontage were talken for a series of years, a fipurs could
no doubt be obtained which would be approximately correct for any
series of yeavs, providing the periods teken in ench tase were long
ancugh.  Towonld have been more satisfactory if, when dealing with
tihe diseharge, some siatisties ns to the minfull on the watershed had
been syuiluble, Unforfunadely no min-ganges appoaced o have
been fixed, and this gquestion was desh with in 8 perfunctory
manner. The peasons given by the Author for assuming thut the
painfall on the upper portion of the watershed was lﬂhb than ot
York hardly appeared conclusive. I the avernge loss from
avaporation and absorption could have besn cbtained, expressed in
inghes over the whole watershed, the result would leve bisen of
considerable interest, Froma Table L. (p. §0) and Table IIL
(p. 61) and from the map (Fig. 2, Plate 1), the rainfall on the
watershed balow the weir could b estimated ; sud for the 8 years
18091901 the average loss from evaporation and absorption
appeired to hive been about 31 inches for the larger witershed of
30 spuare miles, ynd 26% ineligs for tia soialler grea of 10 square
miles.  Tlisss losses soemed somewhat lavge when the discharges
were compared with those from the catehment-aress of the Nepean
and Cotoract Bivers near Syduney.! For 6 years the average loss
amounted to 2534 inches for the Nepesn witershed and 281 inches
for the Cataract.  Ttwould ba supposed that the loss on the Helena
watershed would be less, for the rain all fell in the winter months ;
and it would be reéasonnble Lo expect it fo'be nob much more than
20 inches per aponum. In the abstnee of nceurate datn a nearver
estimite thn this could not well be obtained, and it might be some-
whot wide of the mark., Assuming that 20 inches wos the avirage
annual loss; it waould be found from Tallea . and TTI. and from the
Table on p. 10 that tha averags rainfull for the whole watershed for
the 25 yaars, 1876-1001, would liave been nesrly 214 inches, which
was less than the mean of York and Mundaring, Tt morve than the
Authior's figure of 18k inchieson p. 9. This lutter fipure appeared to
b bhe vesult of pure guess-work,

My, Gromge Pmrrs Wimniins, ]m.wnb had the pleasure of Mr Phipps
intimate acquaintance with the late Mr. O/'Connor |1urmg Lis caveer "
in New Zealnud, was glad of nn oppertunity of esprossing his admi-
ration for tha holdness and originality displayed throughout the
magnificent scheme designed by him and deseribed in the Paper.

b Minates of Procesdings Tost. OB val, Ixxy pe 1TH,
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A Phipps M, O'Copmior's plans exlhibited the same breadth of view and the
Wilkining
s wastiery of detail for which he was vobed wlhen on she soldelils
of the west ooasti of New Kealand, whers his sater-races H.u:i athion
works remained s monuments of lis professional skill.  The
Puper seeined to desl o desth-blow to all arbiteey formuolee for
the discharge from catchment-aress in relation to the rainfall, or
indesd to any fernuls g all. Conntiies varvied so much in local
conditions that only the elosest possible stady of all the faetors i
cach mee could give results that wers even f.ur'[} approximate, In
the Canterbury Plains of New Zealand, large areas had no visible
oli-flow, und some of the rivers had on underseound flow grentor
than that abeve ground. Some of the former found outlet s
springs on the tops of dewns and on elopes lying on the reverse
gide of the watershed from the eatohmont-ares which supplicd
them. Boma of theé flow found ite outlet at the bottom of the
ocenn, baving besn préviously partinlly tapped by the numerpus
artosinn walls in the neighbouehood of Cheistehurch.  In the pressnt
ease, where only 0+2 per cent, of the rainfall in 1902 was dischavged
at the weir, evaperation and nel percolation seemed to have been
the fnetor to which the enormous loss was aseribad,  Thores was
apparently vo pereolstion at the Mundaring reservoir, though it hud
beent anticipnted ; but it was not elear whether pereolotion might
nob causo loss throngh fissnres: alepwhorse within the eabobment-nren,
Another point raisad b the Paper wasan important one, affecting
all enginesiing undertokings, especinlly in the Colonies, whace
ecanomic development wis often rapild, Tt was the guestion how
far it was economically politie to design works ahead of actunl
sequirements.  Im wober-supply schentes it was a0 doobt sound
hydranlic practive thiat o main shoull have the fall eapacity of the
expected unltimato  discharge, and cirenmstances wight perhnps
warrnnt a like course for pumping-station bmldings; but with
vogand to the pumping-machiviery itsslf, it wis dearly advizable in
a teutstive scheme of this sort to cut down expenditure until
prospects of dnerensal  consumption warmoted focther  outlay,
provided sullicient reserve power had boon allowed for branddowns:
In the presont case it appeared that, although the pumping-engives
hid been erected about 3 years, the consumption of water lad
never yot exceeded ono-fourth of the smount which they were
deslgned to supply. Their total costewas set down as £200,000; =0
thnt; including o proportionnd part of the reserva of power as
estimated, the som off L72,500 would have safficed fio cover the eost
of all vaquirements and contingencies to date.  Forther, the netund
lift was aleo muchdess ; beenuse, tuling the discharge ot 1,400,000
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gnllons per day, the velocity in a Mbineh pipe would ot exceed '{ﬁm‘ﬂuﬁm
0+55 foot per second, which would veduce the frietiongl head &
to sn almost nominal smount—something less than ¥ inches
per mile; or taking it at 80 feet for the 308 milss, and allowing 50
por et for deterioration of pipes and waste head, it would
amonnt to only 120 feet. The totel natural head, ineluding
height to be surmounted and losses nt reservoivs, was 1,600 feet,
and this sdided to the frictional head as ahove gave & totald head of
16820 fect only; which was exnetly thiree-fifths of the total ‘eatimated
head of 2,700 feet for the full discharge of 5,600,000 sallons.
Thus the cost of the enine-power requived for the present maximun
Ioad might he further waltipliod Ly that frction, meking a reiluction
aguin from L£72500 to L43500, including the same proportion of
eserve power as bad Dbeen provided. This sum subitracted from
£200.000 gave L246500 as the smount by which the cost of
pumping-machinery exceedod that of presont requirements. Tho
tuterest on this sum ot 4 per cent, amounted o £9800 & year, and
assuming the engines to have been erected 3 years, it appeared on
the face of it that a sum of neirly £30,000 might hava been saved
to dite on this item slone.  No doubt in any undertakings like this
the engine-power should be kept well abend of present requirements,
even after allowing ample reserve power; but the margin allowed
here seomed excessive, aud he gathered from the Taper that this
exeessive first outlay waa not contomplated in M. O'Connor’
originnl estimntes.

The Avraoy, in reply, observed thet he had pernsed the Corve- The Author.
spondenes with munch gedifionfion, and he felb that watorworks-
engineers wore especially indebted to thoss whe, in addition to com-
moent, had furnished vuluable datn regarding woter-maing and the
yield from eatchment-avons;  He would ask for considermtion when
denling with some of the comments, as his hauds had nob been
altogether free i construction, owing 1o orders for msterial already
placed.  There were natucally featurss of the works in which he
himself did not concur; and although he had altopether avoided
showing this in the Paper; he might not be able in reply to put tho
ecose on some points ns Eevenrably as his 'pl'ct'lﬁm‘:kﬁnr would hove
idesired.  The vestricted demand for witer as eompared with
the original estimate had been dealt with fully in his roply to
the Discussion. The initial veport on whieh the Western
Australian Parliament sanctioned construction was of a very
general chavacter, so that wlthough the money estimato as n whola
was intended o be and had proved practically corvect, the deiails
could not be expected to be similarly corvect,  Eugineers of oxperi-
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"Whiy Awribior. enes:in responsible . eolovicl ]rl.l:'ﬂ'l.itllz:'* wirs nware that the Lirgis
uniber of reports which an engineer-in-chisf had ‘to submig o
proposals oF evory deseription, venderad it imposible to conduct @
department ceonomicully unlegs initial schemes were kept of o
goneral chawieter ; and therefore in reply to Mr, Phipps Willinms
it wes enough to add thay, althoueh the allowsnes for pumping-
machinery in the initial proposals was eomparatively small, there
wis no doubt in the Author's opinion that My, O°Counor was right
i conewring in oo buger allowsnes for friclion-lieud, ote, and a
corresponding incvesse in pumping-machivery.  The works had heen
earried out by d.e;mrt-uuu.f-,u'l lhouy, not by contract, and designing
hail procesdid aluost pard posw with constraction, so that alterations
had been possible, except of conrse in cises sncli as that of the
pumping-mschinery, for which orders had been placed early. As
stated in the Paper; o considerable amount of refieulntion lud been
corried out, domestic and other servives having been furnished
theoughout in the townships of Coolguedie, Boulder, Kalgoorlie,
Boulder Mincs, Sonthern Cross and Northiam, and those of Midland
Junetion and Guildford were now in lond,  Butoas the ariginal
proposals did not inelude reticulation, and as there was nothing
very spocind in thess works as edrrisd out, except perhaps the use
of o positive meter on every sorvies, hi had not entered on auy
description in the Paper,  This hag evidently mislad My, Moneriaff,
whisi reniirks also ns to the high peics of water in Westorn Austealin
could B¢ beld to apply only to the Coolgardie scheme,  Elsewhere
in that Stabe prices were lower—in faol, below these of other parts
of Australia: fer whilo the wuter-rates in Melbourne, Syduey and
Adeluidp were respoetively fid., Td., and 1, in the pound, and while
the morsurement-rates per 1,000 gallons st these plices weore
vespectively s, 14, and 6d. to le. 3d4.; on the other hand, the
Auhior Lad been forfunite in obtuining sanetion for the core
sponding mites ot Fremantle, the principal port of Western
Australin, to be veduced to Od. in the ponnd,; and from s, per
L,OOO gallons gemerslly to as low as 4d. for certain purposes.
liven at these vates theve was a handsome return on the capital
investad : moveover, i the western Slule there wern  geveral
possible. irvigation-sehemes from which water conld be profitably
sold nb o low figurs. 1 wis very interesting o note that the
Ametican  fignres  confirmed the small  yield possible from
witehment-urens  in  elimstes suohh o5 that of Anstralin, 50
diffopent from: more humid  places;  Me. Geo, B Willinms's
stotermont,  that it would Tuwve  been wmore satislnetory 00
obtain stotistiee a8 o the eiokall oo the wigbshed  befori
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eommencing work, was no doubti corvect in theory when ppplied to 'the Author,
the best-known portions of old conntries in the present day ; but
such procedure in the Colonies would immensely retard develop-
ment, and weald certainly have sadly hampered the great
English pioncer engincers of the last emtury,  Althouglh it was
out of the (uestion to expect nceurate or oven regularly ecorrecs
results by foreesting whore long revords were non-existent, still
aome method of satimating was necessavy ; and the rezults detailed
by Messrs, Folwell, Hering and Rafter seemed to fit the Author's
theory better than that of the simple percentage reduction
mentioned by Mr. Bruea and referred to hereafter. The point
wis one of the greatest possible importancs, and the Aubhor
vantured therefore on the following amplifiction. The methods
of dosigning on the basis of the yield wight be divided into four,
pumely : (1) when very ample quantities were available and no
stormge, or very little, was provided, as when & spring or perennial
river was tapped 1 (2) when a whole yesr’s demand was considerad
ind stornge was provided aecordingly; (3) when a sncosssion of
vy yowrs—gensmlly thres—were taken ns the bhasis, and tha
stormge wis inlended to egualize the yield in thiz period; and
(4), the worst ease of all, when suflicient reservoir-sapucity hud to
be provided to render the surplus of years of heavy rainfall
syailahle for use in dry years overn long period, p{\rhnpsl 20 yenrs
or mora. Mr. Foertes's interesting &nrl valnable contribution
rogirding AT T }’It‘hir!' affeeted only the conditions detniled
wnder (1) and (2). Of the other gentlemen who had written on this
point, all except Messrs, Folwell and Hering appeared to have dealt
with it under the comparatively fortunate cirenmstanees detailad
unider (#), and of conrse regarding this there were valuable dite
alvendy extamt, as, for instance, Biv Alexander Binnie's Papers on
rainfall; * but even in the British Isles and other well-witered
and humid sountrios, owing to the ineeeasing domond for domestie,
power, and other purposes, the time was coming—if indeed enginears
hatl not alveady Leen faced with the gquestion—when the problewms
mush very often be solved nnder the comditions detailed under (4),
and bo solyed more economieally than was possible under those of
{(#) enly. In the Author's experience alone the economiss effectud
Ly allownnee for luug—nluw storage ludd ronged in cartain cased from

By Nagpur ‘-\'I-L?.rwarh.ﬁ with Observations on the Twinfall, the Flow
from the Ground aod Evporation st Nogpurs and on the Fluetastion of Hadnfall
in Indinand in other places.”  Misutes of Proecedings Iust, €. E,, vol: sxsix, pa 1.

“On Muan or Averdge Annual Bainfall, sl the Fluctuations to which it is
subjootl™  Fhid, vol, gix; p, 50,
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Tha Authors £23,000, it ono instanes, to u A0-per cent. reduction of the cost por
1,000 gallons in another. It was in the Lope, therélore, that, 08
suggested by Mr, Fuertes, other data might be fortheoming later
on regavding long-date results; that the Anthor drew attention to
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Pligs. 42 and 42, worked out several years ngo, when eonsidering
additions to the Nagpur waterworks, The dingrams, being self-
explanatory, ware submitted without further comment then thut if
some margin of salety was allowed, sueh data, if avnilable ar one
plice, should enable o sucecssful foreewst to be made in eonneetion
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with praposed works similavly situated aml served, He had not ThaAnthor
pravionsly considered the possibility of exteunsive pereolation. of
Howing water through surface svils to nnderground fissures in
sranite, as referred to by Mr. Phipps Willinms, nor did he think it
tall probable that by this means there could be drained away such
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immense quantities of flowing water in all the five basins for which
figures hod been given in the Paper, while in exactly the sama
wluss of country the reservoir imself should prove fully stanch with
w head of 100 feet of water over ifts bed. When guestioning
the miility of catoh-water drains, My, Stvange hod  evidently
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Tie Auttior, ennsiderad only the esxtrome festure of strenms draining pres
cipifons country, and liable, therefers, to the heaviest foods.
Even in such country n lavge proportion of the of“flow could be
diverted; while the Author's experience in half-a-dozen eases in
less precipitous country had amply demonstrabed that these
deiins could Do most speeessfully used in eonnoction with bhe
Coolgardia water-supply reservoir. Mareover it had to be ze-
membered that their aid was rvequired in periods of small yield,
and not in bumper years. The maximum flood dischurge antiei-
pated at the Helona weir had been ehecked by deduetion from
known floods in adjeining atreams, and ns there had heen sottlers
in the country for threc-quartevs of a century, this was o
more weeurate method than that referred to Ly Mr, Smith, of
forecasting from Hows at low sbates of Ghe river and checking
by mopns of formulas with arbitvary coefficients, The Author's
experience wns that probable maximum food-dischargss wore
easier of computation than low, or aversge, or total dischurges., As
veardad the minor points raised in connestion with the weir, it
wns stoted on p. 18 that the usoul tempeeiture and other pricks
had duly appeared in the weir. These remarks Mr. Fuertes hul
evidently overlooked, Witk reforonce to the posibion of spill-
water discharge ommngements, Mr. Strange had vaised points
gimilar to those of Mr. TDeacom in the Diseussion, o which the
Author had wlready replied. Tndersluices, unless vary larges
would not have mueh effect, and large sluices could not be
ragommended for n position sueh us thet ot Mundaring; they
wonld have ontailed far mors  expenditure  than they |were
worth, The position of the lowest draw-off ocutlet referred to
by Mr. Strange was not at the lowest point, which was R0
320, but 20 fest nbove, nt R.IL. B840, which was a very sood
allownnea for silting in a reservoir 7 miles long, as of conrse the
heaviest silting wonld naturally oeenr where the inflowing
waters' first met fhose of the Inie. Tha seourwas st B.L, 8330,
or 10 feet helow lowest degw-off! level. T was of counrse an
explodad idex that o scour-pipe, however lirge, would denude
the bed of a veservoir of silt, or even remove a large porbion
of it; Dbut on the other hund, the seour-pipa should ceriainly
keep the approaches to the draw-off outlets elear, ospecially if
plaged sn much below the lowest as in the prosent ense. The
question of filtvation of the water, raised by Mr. Moncriefly
was very important. At present the ecatehment was rigidly
guprdal against pollution ; Tt this might nat be possible alwiys.
and then fltering would be necessnry, e lud #0 warned the
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Government regarding the similarly-situatod so pply of the Western Tho Anthor.
Anptraling metropoliton arow. Tt would be easy to introduce
filtering arcangements whon negessary in eonneefion with the
Dopleardie water-supply, if not immediately below the weir, than
along the pipe-line, for instance at Bakar's Hill, whora there
wonld always b wmple Lewd to spare. Tt might be of intersst
to note that the water as deliversd en the goldfields was 70
per cent, purer bacterinlly ‘than that at the source. So long,
however, as précautions were taken to keep the catchmont froo
from pollotion there were mo especial dangers; for although,
as pointad out by Mr. Hazen, long storage in a warm climate
aided in promoting she inferior srowtlis, both animal and vegetalile,
avidently thers were ulso counteracting influances whers eatchmonts
were protected, ns was shown in the following comparative Table

AMelhourne Tor=Weter.|  Porth Tap-Watar,
Manth. dAvernee Kumber of Averagse humlicr of
Epetdrin per Cibis Bastorin per Uuble
Cintimatro. Cniithmaing,
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A E e o e R e T ] 245
July B s, w iy a2 132
T e TR S RS R L] S0
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Qlebaer 0 o s 2 = & E B9 A0
November = A R i 1.57%
Diecembar . A i 71 5,470
JONUAEY v i o e w a e il 1

of the sveragp number of bacterin per cubie centimetrs, The
stovage reservoirs of both towns were compmridively shullow ;
the Melbourne catohment was rigorously protected snd the water
wos unfiltered, but that ot Perth was subjected to what was
desigmated o fltering-procoss.  The eorvspondence elivited Ty
the Paper was espopially wealthy i information regarding pipes
and' pipelines. In reply to the gueries and inferences con-
tadned in the rensrks of Messes. Fuertes, Gonment, John W, Hill,
List and Strange, she Author would first state genemnlly that
the desimability of using wood-stave, ferro-cencrete or east-iron
pipe in lieu of steel was duly investigated before preference was
given to the lust mentionsd. As regarded the wood-stave pipes
Mr. Fuertes had himself pointed out a very serious objection,
namely, that they should always be kept full, otherwise rapid decsy
must result: o glanes ot the longitudina] scetion of the Coolgardie
muin  showoed  the bmpessibility of keeping it fully eharged
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withput eontinuous pumping at fhe maximom wate. Having
recently returned from the International Railway Congress held
wb Waslinpton, and sulsequent  inspection of works under the
pugpices of the Ameriean Railway Associntion, the Auwthor had
nothing but admivation for the directness of American engiueer-
ing aims; but, on the ofher lund, it was his opinion thid
American ostimates of cdost, especinlly somparative fimures, were
not of evermuch vilue for comparison in other eountries, unless
full allowanee was made for the fact thot, so far as he conld
judgs, American homp works paid morve for materinls, etc, than
was clarged for goods intended for export., Thus Mr. Fuertes
sfabed thut the tender for }-inch stéel pips, 80 inches In disamedir,
for work at Lynchburg, Vieginia, smounted to 168, 5d, per lineal
foot in position. 16 wns wet guite appavent to the Author
whether the cost of walves and specinls, enlverts and agquadoets,
meters and road-crossings, covering-pipes and contingencies, were
ar wers nob included in this figure, Trench excovation swus neb
included, and if, for the purposes of comparison, the eost of
this item aAnd also curviags by ruil from the Western Australion
sen-coast inland were deducted from the Coolgardie water-sopply
fignres for identival pipes, the net eost areived at was 16s. Gd.
per foot, inclusive of all the incidental works above mentioned.
He considered that this told strougly neninsl the Ameriou
figures, luving i view tho fact that the whole of the plates,
bars and lsad was imported, & wvery lavge porlion from Ameries
itgelf, nnd the further facl that wages in that country wers 25
to 3 per cent. bidow those of Western Australin, On the
question of the comparative cost of cust iron, waised by Mr.
Coument, the Author would direct sttention to My, Johm W, Hill's
experiencts at Philadelphia, Tn the neighbourheod of chaap
iron, Mr, Hill fonnd thit 60-ineh esst-ivon pipes, fo withstand
the Jow head of 160 feel, cost L4660 per mils mors shan
stecl pipes would have been obfained for.  Apart from thiz,
neither cast-iron mor ferpo-concrete was in the Author's opinion
suitable for the high pressures of the Coolmudio water-supyily.
Thesa could wo doubt hove been reduesd by introducing more
pumping-stations, but wnprofitably, owing to the enhanced cost of
pumping, The actual life of stesl pipes, rised by Messes, Goumnent
awd Lisd, wns another uestion, bub it did not enter too largely
into the pipes dealt with in the Paper, for, as thevein stuted,
a sinking fund of 3 per cent. per annum on the wholo eost of the
works has been provided by Act of Parlinment to discharge the
lonm b o comparatively envly dute.  The Author was glud to note
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Mr. Herbert's good opinion of the locking-bar pipe, but con- TheAnthos
sidered that he had vated its wvirtues somewhat too highly, Tor
the Coolgardie wotar-supply, at any rate, the preice askad, length
for length and thickness for thickness, was higher for locking-
bar thon for riveted pipe. He did nat propose to follow M.
Herbert in his caleulations as to the comparative eost and econony
ol pipes of wavions diameters, as they appeared to be based on the
fnllacy that o 81.dnch dinmeter pipe laid complete cost §) of the
eost of n main 32 ioches in diameter, This, at suy rate; was not tho
Author's experience. Professor Campbell Brown's statpment that
ngphalt was not suited for use in a composition employed for pipe-
costing was too sweeping, The lime contained in the asplult
would no deubt be injuricusly affected by some wabters, but in
numerous  cises Ghis muberial had  served  exeellontly, instances
being forthcoming in fhe works mentioned by Messrs, Puertes
and Moneriefl. The eoating velerred to by Mr. Swmath must
have boen wrongly mude or applied, or used in seme unsuitable
position, to have perished, while exactly similar coating had served
well in Sonth Awstralia, as mentioned by Mr. Moncrieff, The
precuntions sgminst eorvosion sugpested by Mr. List would surely
prove altogether too expensive for general use, oven it they
were successtul, which was not certain, With reference to the
jointing of the pipes, no yarn had beon used, the lead bemg kept
from ranning into the pipe by temporavy expansive rings; as the
sleeyve-rings vavied slightly in dismeter, the coulking-tools used
also varied in size; the canlking-machine was in the Author’s
upinion eminently suifed for use on ordinary soclketed pipes;
and there was no doubbt that o muchine suitable for caulking at
the locking-bar could be devised and would sive money. The
cost of ecanlkine in South Australin mentioned by Mr. Mouceiell
did not appear to have bean' lower than on the Coolgardie witdr-
supply when due allowance wns made for the lacger pipe and for
bigher wagos, On the lstter work the cost of hund-coulking wos
4a. 8d. on a #0-inch pipe, equivalent to 3y 8d, on the 26-inch pipe
used in South Australia. The Coolgardie wages were, per day of
8 houws:—Toreman; 165 Gd; bandccaulkers, blooksmith, lewd-
melter, eto, 138 6d,; Inbourers, 10s.; and the corresponding rates
in South Aunstralin were, secording to the Author's notes, 10s, Gd.,
Ts. G, and Gs. Gd.—less thon two-thirds on ibe wyvecigms Reducing
the Coolgardie lizures for 26-inch pipe even to two-thivds, the cost
por joing was less than 2 Gd., the lower of the South Australinn
figures ; and as mentioned in the Paper, miching-ennlking cost 1o, less
per joint, besides snving in depth of manhole and ensuring uniform
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work, TIn reply to the coneloding portion of Me, John W. Hill's
remarls, the Author hod obiained in Tndia sl but abselote water-
tiglttness in o new easb-ivon main 12 inches in diameter and abeut
9 miles 1L11'.kg'. It was wore than r[nlzisﬁumqb!u! |1,‘-_].|,-|,-|3-_-||rL.]-_-E whot ey 1t
wus worth striving affer such a condifion of things: But even in
the rapid work of the Coolgardie water-supply thers wors lingths
from which the lealeage was loss tlan the feures given on . 27,
Thus the 36% miles of muin west of station Nod, ganged statically
for 2 dnys, after being filled for the fivst time, showed w 1053
of 119 mllong per mile per dism, and after attention fo visible
loalnge it showed a nionth later 31 gullons por mile por dicm, nd
another month Ister 55 gullons per mila per diem, or, gay, 1} pind
per joink, The Author coneurred with Messrs. Bruee and Hill as
10 the veluo of asphals lining for reservoirs, and he had used it on
tho Western Anstralinn goldfields for this purpose; but he pmployed
1 inech of asphaltic mortar without conerete or pulddle, and found it
sutficiont for o head of 15 to 20 feot of water, while the cost of
vonstruction was one-fonrth to one-third of that of o sullicient
thickness of concrete lining, It was nob possible to conenr in M.
Marsl's romarks as to the inutility of the wires boried in the
voncrele lining of the Bulla-Bulling reservoir.  This work had been
carried pul in the height of a hot summer, and the liniug must
have boon subjested to groat tensile stress when cooled by the
admission: of water. One after ancther 'of sovomil conarote
reservoirs on the golidfislds lind saffored from cwcks all over, and
conseyquent leakage, whereas the Bullo-Bulling lining had opened
only ub the expension-joints, nsalveady stated,  There was no doubt,
as Mr. Foirley said, that the capital cost of the pumping-meshinery
would have been veduced by employing three seis af each of the
last four stations, but this would havo meant two sets working ab
oue tme mstead of one, as in tha adopted seheme; and at West
Auslinlian rates of wages this would kave mesot an sppreciable
inerense in the cost of maintenanes. Other wdventames would
also: heve been lost, Mr: Phipps Willlamss ealeulations on tho
possilile. saving in pumping-mochinery, if intended o be taken
litornlly, were; the Author regretted to say, beyond Lim, Was it
intendod to imply that small pumps cest the sune amount, per
herse-power to instal as lavge ones, and that worldng small pumps
thres shifts costs us little as doing the same amount of work 1o
one ghift with lirge pumps? How also would the ineressing
demand (inerpasing until the ultimate estimated amount should
be reached) bave been provided for with such small pumps as M
Willizms eonsidered enough # The smwall pumps, nnless of varying
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power, could not have been placed at the stations decided on as hest Tue Anthor.
for the ultimate snpply, and nothing but peripatetic pumping-
stations would bave permitted of uniformity and economy in =ive
of pumps without excessive pressure on the mnin as the horse-power
tose in keeping with the demand. The details of cost of sundry
works referred 4o by Mr, Moneriaff Tiad not beén given by the Author,
15 he was in hopes that they would be supplied to the Institution
liter on by his principal assiztant, M. Reynoldson, to whom the
Author, being now engaged in Londen and unable thevefore tu
comply with Mr. Orewell's supgestion of furlher tests of Friction
ute, from time to time, looked for complionee in this direction wlso.
In conclusion he desired to express his obligations to those who had
ecommoented s0 kindly on the worle carried out.  Very fow indeed,
besides engincers, credited the intense anxiety entailed during
construction of o work of this kind; and mone but engineers
appreciated the dilference betwesn the reasons for sudeess and
failure in connection with Colonial works.

|THE INST, ¢.E. YOL, CLXIL] i
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